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Individual Drives for Table Rolls* 


By W. B. SNYDER? 


In this paper I will attempt to outline briefly the 
various mechanical arrangements used for the motors 
on individual table roll drives and to state some of 
the special electrical requirements of the motors, 
their control and power supply. 

So far, all motors for individually driven rolls 
have been of the squirrel cage induction type. Quite 
frequently, entirely standard motors are used, con- 
nected to the rolls by flexible couplings. In other 
cases, the motors have special frames, with the bot- 
tom of the feet at the height of the shaft center line. 
This type is commonly used with double hotbeds, 
the motors being provided with oversized bearings 
and double shaft extensions, with the table rolis 
mounted directly on the motor shaft and supported 
on the motor bearings. <A third arrangement utilizes 
motors without shafts or bearings, with the rotor 
overhung on the roll shaft and the stator supported 
on the table framework. This arrangement is fre- 
quently used by table manufacturers on tables with 
built-in motors. In still other cases, geared motors 
are used, either with gear boxes external to the 
motor or with gear reduction units built into the 
coupling end shields. Another type of motor which 
is rapidly growing in popularity is the Schloemann 
Engineering Company’s Motor-Roller, of which I 
will have more to say later. 

Nowadays all motors for individual table drives 
are equipped with anti-friction bearings. Ball bear- 
ings are used in case the motor bearings carry only 
the weight of the rotor, but in cases where the motor 
bearings carry all or part of the weight of the rolls, 
roller bearings are quite commonly used. 

These motors are practically always totally en- 
closed, to protect them from water and mill dirt. 
Enclosing these motors imposes no hardship on the 
designer, as in the sizes usually involved, a totally 
enclosed motor can deliver its 40 deg. C. open rating 
‘continuously without exceeding 55 deg. C. rise. 

Electrically, the motors depart from normal de- 
sign in several respects. Since the torque require- 
ments for starting the metal on the tables are 
materially greater than when the motors are run- 
ning at constant speed, the motor squirrel cages are 
of the high resistance type, so that the maximum 
torque is developed at or near standstill. For direct 
connected drives, the speeds are usually low, re- 
quiring a large number of poles, with consequent 
poor power factor and efficiency. Furthermore, built- 
in motors which are furnished by the manufacturers 
without shafts or bearings must usually have ab- 
normally large air gaps, which further reduce the 
motor power factor. Motors of this type require a 
high degree of mechanical accuracy in table con- 
struction as even though the air gaps are compara- 
tively large, they are only of the order of 25 mils. 

When the tables operate at constant speed, an 
attempt is made to use direct connected motors 


*Presented before Pittsburgh Section A. I. & S. E. E., 
October 23, 1930, Ambridge, Pa. 

*Industrial Engineering Dept., General Electric Com- 
pany, Schenectady, N. Y. 


operating from the 220 volt, 3 phase, 25 cycle power 
usually available in steel mills. It is practically 
never feasible to operate direct connected table 
motors from 60 cycles, as the roll speeds require a 
number of poles far too large for economical design. 
Therefore, yhen only 60 cycle power is available, a 
frequency changer is installed and low frequency 
direct connected motors are used, or the motors are 
geared to the rolls. 

When, as is most usual, speed adjustment is re- 
quired, the table roll motors are supplied with 
power from an alternator driven by an adjustable 
speed direct current motor. The alternator is oper- 
ated at constant field strength, thus developing a 
voltage directly proportional to its speed and fre 
quency. As an induction motor excited srom a volt 
age varying directly with the frequency operates at 
constant flux density, it will deliver approximately 
the same torque per ampere at any frequency, and 
thus may he given a constant torque rating over the 
desired speed range. The altern: tors are low power 
factor machines, usually about 50%, and consequent- 
ly have a very high voltage ietnietion: of the order 
of 40% at normal load. During starting, the table 
motors may draw from three to five times normal 
current, and under this heavy low power factor over- 
load, the alternator, if only normal field excitation 
were maintained, would drop its voltage to a value 

low that the table motors could not start. There- 
fore, the alternator, which is usually excited from 
the 230 volt DC mill supply, is designed for normal 
excitation with about 160 volts across its fields. 
When the table motors are started, all or part of the 
permanent resistance in the alternator field is short 
circuited, greatly over-exciting the alternator and 
maintaining its voltage at nearly the normal value 
under starting conditions. This over-excitation is 
applied only long enough to permit the table motors 
to come up to full speed, and is then automatically 
removed to prevent over-heating the alternator fields. 
The same results could, of course, be accomplished 
by a voltage regulator, but the additional expense 
for the regulator and its necessary exciter is not 
usually justified as successful operation can normally 
be obtained by field forcing. 


The control equipment for motors operating di- 
rectly from the plant alternating current supply is 
very simple. A line contactor, or a set of forward 
and reverse contactors, controlled by a master switch 
is provided for each group of motors. Each motor 
group is usually supplied from two or more cir- 
cuits, so that every other, or every third, motor is 
connected to the same circuit. Each circuit is pro- 
vided with a lever switch for disconnecting purposes, 
so that for handling light material, only part of the 
table motors may be energized, with the others turn 
ing freely under the piece on the table. Overload pro- 
tection is provided by a set of thermal cutouts in the 
circuit of each motor. 

There are two general types of control used when 
power is supplied to the table motors from a motor- 


generator set, depending on whether all the motors 
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supplied with the set are to operate together as a 
unit, or whether two or more tables are supplied 
from the same set. When all motors connected to 
one set are operated as a unit, the usual practice is 
to connect the motors to the alternator only through 
lever switches separating the various motor circuits 
without the use of circuit breaking devices. The 
table motors are started as a unit by applying field 
to the alternator and bringing the set up to speed. 
The motors and the set are controlled from a “start- 
—stop” push button station or a master switch and 
when the starting indication is given, the driving 
motor starts and the field contactor and the field 
forcing contactor on the alternator panel automatical- 
ly close. After the set has come up to speed, the 
field forcing contactor drops out, decreasing the al- 
ternator excitation to the normal value. When the 
stop button is pressed, the driving motor is dis- 
connected from the line and brought to rest by 
dynamic braking, the table motors meanwhile being 
stopped by regenerative braking. When the set 
stops, the alternator field contactor opens, as the 
alternator field must be removed during periods of 
shutdown, to prevent overheating the field coils. In 
cases where emergency reversal is required, the di- 
rect current motor driving the set is provided with 
a reversing field switch. 


The motor driving the motor-generator set is 
provided with the usual overload and undervoltage 
protection. Overload relays are also provided in the 
alternator circuit, and arranged to trip out the driv- 
ing motor in case of overload. 


When the motor-generator set supplies two or 
more table motor groups which must be operated 
independently, each group is provided with a set of 
contactors operated by a master switch. The motor- 
generator set is started as before, except that field 
forcing is not applied. In these cases, the field 
forcing contactor is arranged to close whenever any 
of the forward or reverse contactors controlling the 
groups of motors close, opening shortly thereafter 
under control of a timing relay. No circuit breaking 
devices are provided in the alternator circuit the 
overload relays on the alternator being arranged to 
open the table motor circuits. 


To control the speed of the tables, the mill oper- 
ator has control of the rheostat in the field of the 
direct current motor driving the alternator. The 
equipment is usually provided with a tachometer 
indicating roll speed. There are several methods of 
providing this speed indication, none of them being 
very accurate, but any of them being apparently 
satisfactory. The most usual method is to provide 
a tachometer generator mounted on the motor-gen- 
erator set and to connect a voltmeter calibrated in 
RPM, or feet per minute of the table, to this gen- 
erator. This is the equivalent of straight frequency 
indication on the alternator, and at times a frequency 
indicator calibrated in RPM is used in place of this 
equipment. Both methods are inaccurate, however, 
as they do not take into account the slip of the 
table motors, which may be of the order of 15% at 
the lower frequencies. A more accurate method is 
to connect a tachometer generator to a spare table 
motor, but in this case, the slip of the spare motor 
will be less than that of the motor driving the table 


under load. The most accurate method is to con- 
nect the tachometer generator to one of the motors 
on the table, but as this method exposes the tacho- 
meter generator to mill dirt and to mechanical in- 
jury, it is not usually used. 


One disadvantage of the individual table roll 
drives is that the minimum speed for direct con- 
nected drives is pretty definitely limited to about 
75 RPM, as the motors cannot be economically de- 
signed for more than 16 poles, and as below 10 
cycles the size and cost of the adjustable frequency 
motor-generator set become excessive. Also, the 
torque of a motor with a large number of poles 
begins to fall off rapidly somewhere between 10 and 
12 cycles, so that for low frequencies, abnormally 
large motors must be used. This rule is subject to 
exceptions, of course as some drives with 18 pole 
motors operating down to 8 cycles are installed. 
Furthermore, while this rule applies in general at 
present, the company with which the writer is asso- 
ciated is now developing an asynchronous alternator 
that can be built economically for extremely low 
frequencies. This alternator, if applicable to table 
drives, will permit the use of motors with a small 
number of poles for low speed service, with con- 
sequent reduction in motor size and improvement 
in power factor. There are quite a few low speed 
drives operating with geared motors, but this type 
of drive does away with one of the chief advantages 
of individual table drives—namely, the elimination 
of gearing. 

Up to a few years ago, it was the general belief 
that the application of induction motors to indi- 
vidually driven table rolls was limited only to tables 
handling light material and to those which normally 
operated with few or no reversals. There were sev- 
eral reasons for this belief. First, the only small 
induction motors available were of the same con- 
struction as those used for light general purpose 
work, and these were not felt suitable for heavy 
steel mill service. Second, the inertia of an induc- 
tion motor is inherently high as compared to a direct 
current motor developing the same torque, so that 
more power is required for quick reversal. Third, 
with a squirrel cage induction motor, all the losses 
incident to acceleration are dissipated in the rotor, 
whereas with a direct current motor, these losses 
are dissipated in an external resistor. However, 
with the advent of the motor roller the field of indi- 
vidual table drives has been greatly extended, and 
we must give the Schloemann Engineering Company 
credit for pioneering in applying their motor rollers 
successfully in places where most of us were cer- 
tain they would not work. 


The motor roller is an induction motor with the 
primary winding and core assembled on a stationary 
shaft and with the squirrel cage winding and core 
external to the primary and pressed in a shell which 
is supported on the shaft by ball or roller bearings. 
This shell serves as the table roller, its outer surface 
carrying the metal on the table. The motor leads 
are brought out through a hole in the shaft to a 
terminal box mounted on the end of the shaft ex- 
tension. In addition to the advantages common to 
other types of individual table drives, namely, the 
elimination of gears and line shafts, with consequent 
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reduced maintenance and decreased table weight, 
the motor roller possesses features not found in other 
types. First, the motor roller is complete with its 
own bearings and requires no lining up. This makes 
installation very easy, as it is only necessary to 
clamp down the extensions of the stationary shaft 
in dead-eyes on the table frame and to connect up 
the leads. Second, the motor is totally enclosed 
within the rolls, and is thus protected from mechan- 
ical injury and dirt. The construction is very rugged, 
corresponding much more closely to steel mill prac- 
tice than a general purpose motor does. There are 
no projections on either side of the table, which 
permits the piece to overhang the table on both 
sides. In one case, 110” plates are being handled by 
{8” rollers. The motor roller often permits a very 
simple table construction. For instance, a table for 
handling light material may be made of two chan- 
nels with the dead-eyes supporting the motor rollers 
mounted on the underside of the bottom flanges, 
and with the channels serving as the side guards. 
The advantages of the motor roller in reducing the 
weight and mechanical complications of tilting tables 
are obvious. 

The most surprising thing about the motor roller 
is that the motor windings are not damaged by heat 
transferred from the hot metal on the table. Sev- 
eral years of experience with motor roller installa- 
tions have given conclusive evidence that no trouble 
is to be expected on this score. Apparently, the 
heat insulation provided by the air gap and the 
good heat conductivity from the large stationary 
shaft to the table framework prevents any material 
increase in temperature rise in the motor winding 
due to conduction of heat from the metal on the 
table. Furthermore, the motor roller electrical ele- 
ments which the General Electric Company has built 
and is now building for the Schloemann Engineering 
Company are all designed for a low temperature 
rise (35 to 45 deg. C.) and are insulated throughout 
with Class “B” insulation. 

In this country motor rollers have been applied 
on practically all types of table drives, except bloom- 
ing mill tables. We understand blooming mill motor 
rollers are in operation in Europe, and they are now 
being seriously considered for such drives here. 
They are now in successful operation on tube mill 
tables of all sorts, and on intermediate and runout 
tables on continuous sheet mills, bar mills, merchant 
mills, and structural mills. They have been success- 
fully applied on shear tables, hot saw, and scale 
tables, which require much inching and reversing 
for accurate spotting of the piece. The tables of 
the new Strong Alloy Mill of the United States 
Aluminum Company at Alcoa, Tenn., will practically 
all be equipped with motor rollers, even including 
the tilting tables of the large 3-high mills. These 


rolls are approximately 14” in diameter and 12’ long 
Probably the installation on which the requirements 
are most severe is on the front and rear tables of a 
reversing universal slabbing mill where the rollers 
are called upon to handle slabs up to 8,000 Ibs. 
weight and where frequent fast reversals are re 
quired. 

Evidence of the increasing popularity of the mo- 
tor roller is shown by the fact that although our 
Company has been making motors for individual 
table drives since 1909, and started the manufacture 
of the electrical parts of motor rollers in 1929, to 
date the motor rollers account for about 30% of the 
total number of units we have built. 

Individual drives for table rolls now occupy such 
an accepted place in the industry that it behooves 
the manufacturers and the users to agree upon some 
common standards for them. In the first place, 
there should be a generally accepted method of 
rating. Obviously, it is a misnomer to call for a 
1 HP, 100 to 300 RPM motor, when the motor will 
only develop this rating continuously at one speed. 
The logical rating is on the basis of continuous 
torque, which will be the same over the whole speed 
range. Furthermore, in many instances, the starting 
torque is more important than the running torque, 
as usually any motors which will develop enough 
torque to start the table with metal on the rolls 
will easily develop continuously sufficient torque to 
keep the table operating at full speed. In such cases, 
the starting torque requirements should also be 
specified. 

A second point upon which standardization is 
needed is the ratio of voltage to frequency on ad 
justable speed drives. Just what this ratio is, is of 
no importance, provided the same ratio is accepted 
by all manufacturers, but there appears to be a 
growing tendency to rate all these motors on the 
basis of 220 volts at 25 cycles, with the voltage in 
creasing or decreasing directly with the frequency 
from this value. This standardization must, of 
course, apply to the adjustable frequency motor- 
generator sets supplying power to the table drives, 
as well as to the table motors. This would be ad- 
vantageous in that frequently one type of motor 
could be used as a spare for several tables which 
might operate at different speeds, but which re- 
quired the same torque per motor. Also, one ad- 
justable frequency motor-generator set might serve 
as a spare for several tables of different speed ranges. 

The adoption of these standards will go a long 
way toward eliminating the mystery which now 
appears to surround the ratings of motors for indi 
vidual table drives, and will operate to the advan 


tage of both the user and the manufacturer of these 


drives. 
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ecent Trends in Individual A.C. Roll 
Table Drives‘ 


By R. M. BAYLE* 


The first commercial installation of A.C. direct 
connected individually driven rolls was made some 
15 years ago at a plant in Steubenville, Ohio. The 
response to this new type of roll drive was very 
slow and we do not find many commercial applica- 
tions until some seven years later. It is probable 
that productive requirements did not require any 
radical departure from the conventional single motor 
group drive at this time. During the past five years 
there has been a growing demand in certain classes 
of roll table drive for extreme flexibility and reliabil- 
ity of performance. 

\.C. roll table drives may be roughly classified 
into three heads, namely, direct drives, geared types 
and self contained units. Each of these classifica- 
tions may be sub-divided into constant and adjust- 
able speed types, and for reversing and non-revers- 
ing service. 

Let us first consider the direct connected A.C. 
drive. The earliest types made use of a standard 
induction motor flexibly coupled to a single roll. 
The motor had two bearings and the roll had two 
bearings, all being of the sleeve type. The first 
improvement was to eliminate some of these bear- 
ings. Very few of the modern installations make 
use of more than two bearings. Anti-friction bear- 
ings are used almost exclusively. Designs seem to 
have centered on two common types. For narrow 
lightweight rolls it is common practice to mount 
the roll directly on an extension of the motor shaft. 
Various modifications of the foot design have been 
used to improve the rigidity of the unit. Where 
the roll is so long or so heavy that motor mounting 
cannot be used the accepted practice is to mount the 
rotor of the motor on an extension of the roll shaft. 
Numerous designs have been used to support the 
stator of the motor. Most of these designs use 
some sort of a flange mounting supported by the 
roll table bearing housing. Some difficulties with 
this design are on record but in all cases the writer 
believes this can be traced to a faulty mechanical 
design. The inherent design of an induction motor 
makes it necessary to maintain a very small air gap 
between the stator and the rotor. The mechanical 
design for overhanging a stator must be such that 
this air gap is maintained during assembly and oper- 
ation. A compromise in this design can be made 
by operating with slightly larger air gaps which 
results in a lower power factor. From the electrical 
manufacturers standpoint it is of course desirable 
to keep the air gap as near the normal value as 
possible. It is felt that with sufficient attention 
directed towards the mechanical design the frame 
support and shafts can be made rigid enough to 
meet these electrical limitations. 

From the electrical standpoint there seems to be 
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no limit to the upper range of mill delivery speeds. 
A recent survey of 15 different installations showed 
mill delivery speeds ranging between 300 and 2500 
feet per minute. The direct connected drive does 
have a limitation on the lower delivery speeds. The 
low economical operating point, of course, depends 
on the speed range desired, the frequency of oper- 
ation at this speed and the fixed and operating costs 
of the equipment required. In general, 300 feet per 
minute seems to be the dividing line. Pole com- 
binations of 6 and 8 are the most common with 
those of 10, 12 and 14 ranking next. The perform- 
ance of an induction motor is very poor in the small 
sizes with combinations above 10. 

The minimum frequency for adjustable speed 
applications is in the neighborhood of 8 cycles. Fre- 
quencies in this neighborhood require exceedingly 
large generators if any considerable power is_ re- 
quired at this low operating range. Fortunately 
roll table applications are practically a constant 
torque drive which keeps the power requirements at 
the low speed at a minimum. 

For the variable speed applications a range be- 
tween 2 to 1 and 3 to 1 is usually satisfactory, and 
meets present day productive requirements. Four to 
1 seems to be the desirable top limit but it is pos- 
sible to extend this speed range. Economic limits 
rather than engineering limits will probably dictate 
the desired speed range. 

A word as to the possibilities of reversing service 
with the A.C. drive. It is obvious that the indi- 
vidual A.C. drive has made large inroads in the 
field of the single direct current motor drive as ap- 
plied to non-reversing, approach, transfer and de- 
livery tables. With modern refinements of control 
it is also invading the reversing field of the direct 
current motor. This is only a natural progress. 
Direct current is expensive to produce as compared 
with alternating current and a direct current motor 
requires more maintenance than an alternating cur- 
rent motor. Granted that the auxiliary equipment 
can be kept at a minimum we have great possibili- 
ties in extending the field of individually driven A.C. 
reversing table drives. Installations of this type 
require a variable frequency motor generator set 
and individual roll motors suitably designed for the 
required starting torques. Early attempts to reverse 
at full frequency were unsatisfactory on account of 
the extremely large inrush taken at the point of 
reversal and the large sized equipment needed to 
handle the increased heating. It has been found 
that reversing at half frequency requires only about 
25% of the heating capacity that reversing at full 
frequency does. The motor generator set is arranged 
to operate at a certain basic speed within the low 
frequency range. The roll motors are accelerated 
by forcing the field of the supply generator so that 
an increased torque is secured to bring the motors 
quickly to the low frequency speed. The driving 
motor of the supply motor generator set is then 
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accelerated to the full frequency speed with the roll 
motors tied directly to the generator. 


versal the opposite takes place. The supply motor 
generator set is reduced to its base speed and the 


motors reversed or plugged to a stop at the low 
frequency. 

It is difficult to say just where the economic 
line should be drawn between a direct connected 
individually driven reversing A.C. motor drive and 
a single motor group drive. It is a well known fact 
that the direct current motor is supreme in the field 
of exceedingly rapid reversals. When we get into 
the field where the number of reversals is limited 
and the time is not too short there are numerous 
applications where the A.C. drive will be superior 
when properly evaluated as to reliability, possible 
productive savings, first cost, maintenance and power 
costs. At the present time application data seems 
to indicate that the debatable range lies between a 
frequency of operation from 10 per minute down 
and a reversal time of 5 seconds up. A _ host of 
variables enter into this problem, such as the nature 
of the product, the speed variations of the schedules 
rolled, the length of the table and the frequency of 
operation. 

Very recently A.C. drives of the individually 
geared type have been appearing on the market. 
The use of modern helical gearing totally enclosed 
and operating on anti-friction bearings has given the 
A.C. drive a notable extension in the low delivery 
speed ranges and the heavy duty torque require- 
ments. With such a design it is possible to use a 
standard high frequency, high speed motor of small 
size and economical operating performance. Rotating 
inertia at the motor shaft is greatly reduced, making 
reversing service entirely practicable. In _ future 
years a great many applications will probably be 
made on heavy duty bloom and billet transfer tables 
and for slab runout tables. 

Mechanical designs seem to be divided between 
those which makes the motor predominate and at 
taches the gear unit to the motor and those which 
makes the gear unit the basic part of the design 
and mounts the motor integral with it. Small units 
will naturally resolve themselves into the first class 
and heavier units into the second .class. An inter 
esting application was recently sold provided for a 


During re- 


single 10 H.P. motor mounted integral with a gear 
case which supplies two separate rolls. By a slight 
modification of the design the rolls can be made 
parallel or at an angle, so that straightaway runs 
or turns can be made with practically the same unit. 
This application was made on a heavy duty slab 
runout table and gave a very close roll spacing with 
adequate drive unit spacings. 


The third division of A.C. roll drives concerns 


self-contained units. There are two major types on 
the market today. The well known Schloemann 
roll is familiar to all. It consists of a stationary 
stator containing the primary winding and a rotor 
surrounding this stator. The outer periphery of the 
rotor is used as the roll surface. The second type is 
of an internal geared design. The roll is hollow 


and contains a small high speed induction motor 
connected by internal gears to the outer rotating 
cylinder. An inner stationary shell provides heat 
insulation and permits the internal gearing to be 
operated in oil. 

\pplications of self-contained units seem to be 
confined to places where space limitations are pre 
dominant. Where operations must be conducted 
from both sides of the roll this unit is_ ideal. 
\n interesting application of the Schloemann roller 
was recently made on the pinch roll drive for a 
flying shear. It was desired to keep the top pinch 
roll as free from obstructions as possible and still 
synchronize it with the bottom pinch roll. The bot 
tom pinch roll drive consisted of an adjustable speed 
direct current motor, an A.C. pilot generator and a 
speed indicating generator. The A.C. pilot generator 
was necessary for the speed regulating equipment, 
and in this case was made large enough to also sup 
ply the Schloemann roller used as the top pinch 
roll. In this way the two rolls were adequately 
synchronized without gearing and with the mini 
mum of obstruction. 


To summarize, the individually driven A.C, roll 
table is here to stay and is finding increased uses 
every day. Operating statistics indicate excellent 
reliability and efficient operation. With the active 
co-operation of plant operating engineers, mill build- 
ers and electrical manufacturers, the present economic 
limits should be rapidly extended. 


Roll Table Drives ‘ 


By F. E. HARRELL* 


By way of introduction, let us set forth two or 
three major assumptions in connection with roll table 
drives which it will be necessary for us to full) 
appreciate in order that we may proceed to a com 
mon understanding: It must be recognized that 
there is a wide variety of applications covered by 
run-out tables, even within a single mill; also, that 
the conditions surrounding the tables are so greatly 
diversified that they definitely impose certain re 
quirements on the drive. For these reasons, we 
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cannot pretend to set forth a single type of drive as 
the panacea of all ills in roll table drives. 

Rather, each table must be considered separately 
and an attempt made to recommend the best all 
round drive which will most economically meet all of 
the customer’s requirements. Nor do we feel em- 
barrassed in subsequently recommending two differ- 
ent types of drive for similar conditions and applica- 
tion, for, as the art develops and we all obtain addi 
tional experience with such drives, we are very 
properly guided by those experiences. As a result, 
there is an ever changing trend in these recommend- 
ations to keep abreast of and capitalize upon our 
most recent findings. 
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No attempt will here be made to justify individual 
drive as against group drive—the industry itself has 
been making that decision. We should recognize 
however that an occasional application even yet may 
best be made a group drive. Suffice it to say that 
on ane has been very generally accepted in 
spite of—or perhaps on account of the marked change 
in the original conception of an individual drive, 
and that which we hold today. 

Just a few short years ago the conventional in- 
dividual drive leaned toward an overhung motor 
wherein the number of bearings for motor and roller 
were reduced from four to three or even two, thereby 
making the motors entirely special and fairly diffi- 
cult of replacement, both from the standpoint of the 
supplier and from the standpoint of the mechanics 
of removing an overhung motor from the table. 

More recently we have begun to appreciate the 
fact that we are not realizing the full benefits of 
individual drive unless we rather build or design 
the table around the motor, which in some cases can 
become the table itself. In other words, whereas 
we used to fit the motor to the mill, we now appre- 
ciate that all of the other equipment is special any- 
how, so that if there is a possibility of modifying 
details of the other equipment to more readily 
accommodate a standard motor, that is the econom- 
ically sound basis to proceed upon. 

let us stop here and point out some of the ques- 
tions we wish to ask immediately upon coming to 
consideration of a new roll table drive. 

“In what size and type of mill is the table to be? 

What is the range, size and finish of material to 
be conveyed? 

What is the roller spacing? Total length of table? 

What is the weight of the mechanical roller? 
Solid or Hollow? 

What are the conditions of heat, water and scale 
surrounding the table? 

Will it be continuous running, or subject to a 
start-stop reverse duty cycle? If not continuous 
running, give exact duty cycle. (Number of reversals 
in stated interval, and time allowed for reversal). 

Must the table start or stop under load? How 
quickly ? 

Will the table be constant or adjustable speed? 

What will be the stock speed in feet per minute? 

What is the stock speed of the mill pass or table 
adjacent? 

Is it a straight runout or transfer table? 

Will there be any idler rollers? If so, the number. 

What is the power supply available?” 

Having the answers to these and additional per- 
tinent questions we may consider the general aspects 
of the application and decide between open, fully- 
enclosed, or fan-cooled motors. Having worked out 
the torque requirements and speeds, we may then 
decide between direct connection, gearing, pulley or 
flange mounting or other special type. 

Feeling that it may be a matter of general inter- 
est to know what considerations enter into our calcu- 
lation of torque requirements, let us set down here 

possible example: viz.— 


Roller spacing 3 feet 
Material 
Rolier 
Maximum stock speed 


14”x30”x16 ft. 
diameter ead 


800 FPM (278 RPM) 








Table must start with material and accelerate in 
three seconds. 

Maximum weight per roller 

Weight of roller shell 


F=>MA 
W FPM 
Pt oe Y 
g 60x sec 


80 lbs. 
230 Ibs. 


to accelerate 


310 SOU 
F = —— x —— = 43 lbs. at surface of roller 
32.16 60x3 


13 Ibs. at 11” diameter equals 19.7 lbs. feet start- 
ing torque. 


U sing the factor of 1.5, in this case, to allow for 
possible friction load and extreme conditions, we get 
1.5x19.7=29.6 lbs. feet as the starting torque we 
should require to meet the conditions outlined above. 

It is of course possible to calculate to a finer 
degree of accuracy than outlined above, but in gen- 
eral, the above method with a factor of 1.5 to 2, 
depending on mill conditions, has seemed entirely 
adequate. 

To develop this assumed case further, let us say 
that this is a constant speed table and other con- 
siderations lead us to favor a 3:1 single gear reduc- 
tion which at once gives us a 3:1 advantage in 
torque, so the torque required of the motor is 29.6 
divided by 3 or 9.86 Ibs. feet. 

Using an eight pole motor at 900 RPM synchron- 
ous speed gives us 300 RPM synchronous speed at 
the roller, so that under load we would likely get 
slip to bring us down to 825 feet per minute stock 
speed. 

We must then select a motor capable of deliver- 
ing 10 Ibs. feet starting torque with an eight pole 
winding, and that motor is almost certain to have 
sufficient continuous capacity to transport the 
material. We would then give the motor whatever 
horsepower rating it was capable of taking for the 
10° rise, if an open motor, or 55° rise if a fan-cooled 
motor. If the motor is to be fully-enclosed, then the 
rating becomes a serious consideration and may re- 
quire an increased frame size. 

This has led us to the point where I should like 
to recall and again point out the fallacy of specify- 
ing horsepowers for runout table motors. In about 
ninety nine cases out of one hundred the application 
is such that any motor which will start the load will 
carry it without a question, since of course the work 
of maintaining a given velocity of a given mass is 
relatively small as compared to the work « f origin- 
ally bringing the given mass to the given valieler. 

The particular point is this. There are frequently 
roll table drives with more or less severe demands 
in the way of torque at starting, which we can ob- 
tain in either of two ways:—first, by increasing 
standard motor size to get the desired torque; sec- 
ond, to obtain a greater torque from a given motor 
size by introducing a high torque or high resistance 
rotor. The latter of the two methods is invariably 
the most economical and satisfactory, but all too 
frequently the purchaser goes ahead to specify a 
horsepower requirement which is based upon syn- 
chronous speed and starting torque. The result is 
that the smaller motor with the high torque rotor 
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will not carry the stated horsepower continuously 
without overheating due to the great slip introduced 
by the high resistance rotor. Considering the appli- 
cation, however, the high torque motor would carry 
continuously the load actually imposed under the 
running condition, and would accelerate the material 
to the given speed even more quickly than the stan- 
dard motor. 

The speaker recalls having heard this matter of 
torque referred to the Standards Committee of the A. 
I. & S. E. E. at the June 1928, Chicago Convention 
although I personally never learned of the report of 
your committee on this matter. It is indeed a mat- 
ter worthy of your further consideration for the sake 
of the industry. 

Before leaving entirely the theoretical considera- 
tions, we should point out the difficulty in adjustable 
speed drives, where a motor driven alternator sup- 
plies power for the motors, in obtaining a frequent, 
rapid reversal, without definitely increasing the 
capacity of the alternator. Speaking for my own 
company, we calculate an alternator for suc. a 
reversing job on the basis of the locked current of 
the total number of motors to be reversed at one 
time, together with any additional current for such 
motors as may be left running on during the time 
of reversal of the balance. Roughly, the increase 
in alternator size to accommodate reversal may be 
from 25% to 100% more than required for otherwise 
normal operation. 

The voltage regulation of such alternators is the 
vital thing, and is the reason for requiring an over- 
size alternator for reversing duty, in order to reduce 
the voltage drop under peak current to a minimum. 
For this reason we prefer plugging the motors rather 
than reversing the alternator field. Consideration of 
a relay to provide over-excitation of the alternator 
field during reversal is suggested. We have found 
it beneficial. 

May we now turn to a discussion of the various 
types of individual motor drive as supplied to typical 
applications. 

Referring first to the direct connected types, the 
overhung motor hereinbefore mentioned, was always 
fully-enclosed because of its necessary location on 
the end of the roller. They have been used in the 
past for various tables but mechanical difficulties in 
alignment over a period of time, inaccessibility, and 
the fact that each job is a special motor, all have 
combined to a certain extent to cause the overhung 
motor to gradually drop out of the picture. 

The direct coupled motor drive is proving very 
popular for certain applications for various reasons. 
First, it can nearly always be a standard motor 
mechanically. It can be removed without disturbing 
alignment of the rollers. In general, provided the 
speed required can be obtained from the mill fre- 
quency and motor poles up to sixteen, the direct 
connected motor is to be favored for the average 
application. This is also especially desirable for 
tables requiring frequent reversal or rapid accelera- 
tion, due to the absence of any intermediate unit. 
It has actually proven out in some cases also, where 
reversal was a feature, that the ten or twelve pole 
motors for direct connection would require a lesser 
total locked KVA input than the alternative four 
pole motor with a suitable speed reduction unit, due 


to the inherent characteristics electrically of ten and 
four pole motors respectively. 

Likewise it is not infrequently more economical 
to use an eight or ten pole motor direct connected 
than to use a four pole motor with a reduction gear. 

Protection for the direct connected motor may 
occasion the use of a fan cooled construction if the 
surrounding air is not too hot, or fully enclosed. It 
is my opinion that couplings suitable for insulating 
the motor end from the heat of the roller are entirely 
feasible and practicable. 

Definite actual installations of this type occur to 
the speaker in an adjustable speed Merchant Mill 
table for conveying hot bar and rim stock over a 2:1 
speed range, operating from a motor-alternator set 
at from 15 to 30 cycles. Another operating in a strip 
mill over a 2:1 range up to 11 FPM operates from 
an alternator which in turn is driven by belt from 
the main motor driving the last pass ahead of the 
table to which delivery is made. Both of these 
happen to be standard open motors. 

Another type of direct connected motor is the 
so called pulley type, wherein a pulley or roller is 
mounted directly on the motor shaft or even more 
frequently, two pulleys on double end shaft exten 
sions. Such motors are always fully enclosed due 
to their size and location. Most often such drives 
are used for relatively high speed Merchant Mills 
and more specially for hot bed center tables. This 
type tends to simplify the mill table construction, 
but of course makes the motor inaccessible of itself 
unless production is interrupted. 

One such application occurring to me is a single 
pulley type on an 8” Merchant Mill hot bed for 
handling hot material at about 2000 FPM. These 
motors were fully enclosed and insulated with Class 
B insulation—mica and asbestos. 

Geared drives may be of two general classes, one 
where the gearing is a separate reduction unit, and 
the other where the motor carries a pinion engaging 
an internal ring gear in the end of the roller. 

The internal gear drive is especially suited to 
small reduction ratios. It is invaluable in the case of 
the applications requiring a double transfer of hot 
material since it permits lowering the motor with 
respect to the centerline of the shaft. It not only 
gives mechanical clearance for the transfer mechan 
ism but also leaves a valuable air space between the 
hot material and the motor—forming the best kind 
of natural protection from reflected and radiated heat. 

The internal gear construction making use of a 
perfectly standard motor is doubtless the most 
economical construction available in individual drives. 
Its use however is limited as indicated above. Such 
a drive to the speaker’s knowledge has long been 
operating on a table conveying hot billets from the 
furnace around a corner table to the mill. 

The separate reduction unit is required for larger 
reductions than could be obtained with the single 
internal gear type. The other advantages peculiar to 
the internal gear type apply equally well here with 
the possible exception of the amount of clearance 
available for transfer or kick-off, not to mention air 
pocket insulation for the heat from the material. 
In addition to the foregoing there is the added ad- 
vantage of being able to set a standard motor at 
right angles to the table with the consequent saving 
of lateral space adjacent to the table. In this con- 
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nection we might report that installations of several 
hundred such rollers are working out quite satisfac- 
torily in tube mills with right angle worm gear re- 
ducers. Anotler item of interest in these particular 
applications is the surprising benefit to the cooling 
of the open motors applied there in erecting a thick 
asbestos shield, suitably backed with sheet steel, be- 
tween the rollers and the motors. 

Other interesting geared drives include one in a 
strip mill for handling the hot strip on a double 
transfer table at about 1200 FPM maximum speed 
down to half of that value. These motors were fully 
enclosed and used Class B insulation. Another in- 
stallation handles large cold tubing at a constant 
speed, but inasmuch as the rollers must start with 
the pipe on them a high torque rotor is used. 

Summarizing, we may say that in general the 
presence of scale and oxidation lead us to consider- 
ation of fan cooled motors which cost little more 
than open, relatively, and are interchangeable in 


dimensions with the open motor. Where the torque 
requirement is such as to lead to a large slow speed 
motor, larger than actually required to carry the 
load, there fully enclosure should be used. 

Another consideration which strikes us favorably 
is the possibility of combining the lubrication of all 
motors in a given table in a one shot lubrication 
system. ‘The motors are nearly always in such a 
position as to make lubrication difficult and it would 
seem reasonable to expect all the motors in a given 
table to require the same amount of lubricant. Dis- 
cussion is invited on this point. 

The present trend in individual drive as we sense 
it is to use the standard low cost squirrel cage motor 
in just so far as possible, which means a geared 
drive, readily accessible in the table, readily replac- 
able by the manufacturer, facilitating service, re- 
pairs, and spare part protection since they are apt to 
be mechanical duplicates of the same size motors in 
other parts of your mill. 





Drives for Roll Tables 


Discussion 


Discussed by 


J. J. Booth, Electrical Superintendent, National Tube 
Company, Gary, Indiana. 

G. R. Carroll, Electrical Superintendent, Jones and 
Laughlin Steel Corporation, Aliquippa, Pa. 


J. J. Booth: The Association of Iron and Steel 
Electrical Engineers are indeed very fortunate in 
having the opportunity of inspecting the new plant 
of the A. M. Byers Company, and I personally wish 
to express my appreciation of this privilege. It 1s 
an exceptionally well laid out plant, with ample 
space and having the idea of so-called straight line 
production. I wish also to express my appreciation 
of papers presented here this afternoon by Messrs. 
Snyder, Harrell and Bayle. 

The subject of “Drives for Table Rolls” is today 
receiving a great deal of merited attention. Per- 
sonally, I am not wedded to any particular type of 
drive. I feel that the general conditions and sur- 
roundings and material to be handled warrants a 
very careful study of methods of driving and the 
choice of the best method for the particular drive. 

There is and has been quite a lot of comment on 
what is termed “unit drive system,” which is driving 
several rollers from one motor. This type of table 
is exceptionally hard to maintain and keep in align- 
ment. We who have operated this type of table for 
a number of years admit that if this type of table is 
not properly designed that there is a considerable 
amount of maintenance and exceptional friction load 
thrown on motor, and in many instances, motor is 
overloaded and burned out due to bearing trouble, 
gear and pinion trouble, etc. However, I| believe 


there are still a number of applications where this 
table is justifiable, particularly in places where the 
billets or slabs to be handled are hot and heavy. In 
these applications, I believe that the use of anti- 
friction bearings, helical gears and heavy table con- 


K. Feller, Sales Manager, Schloemann Engineering 
Company, Pittsburgh, Pa. 

lL. A. Umansky, Industrial Engineering Department, 
General Electric Company, Schenectady, N. Y. 


struction can make these tables very satisfactory and 
operate with a nominal amount of maintenance. 

The application of small industrial type motors 
to roller drives through worm gears or spur gears 
in many instances seems to be very popular, espe- 
cially from the standpoint of taking a motor away 
from the direct action of the heat from material be- 
ing handled, and I think there are a number of 
applications on which one is justified in using this 
type of construction, depending in a large measure 
on the speed required of table. 

As has been brought out this afternoon, the 
Schloemann motor roller has made quite an inova- 
tion in this country in the method and type of table 
drives. A great deal of credit is due Schloemann 
Engineering Co., along with the company which 
manufacture this type of equipment for them, for 
their pioneer work in this type of application. There 
is no doubt in the world but that there are many 
applications on which this type of drive is ideal. To 
my mind, there are also other applications on which 
one had better stick to heavier type of drive, par- 
ticularly if the material to be handled is very heavy 
and of high temperature. ; 

Relative to variable speed which may be obtained 
by the use of frequency changer sets with this type 
of equipment, I would suggest that if one deems it 
necessary to have variable speed he should give his 
frequency changer set very serious consideration, and 
make sure he has ample capacity, because without 
capacity to produce required torque, one is doomed 
for more or less grief. Another point is to make 
sure that the rollers are properly designed and that 














Sed 


Tr tv 


~— ele 





March, 1931 


IRON AND STEEL ENGINEER 








the anti-friction bearings will take both thrust and 
severe abuse from billets and slabs falling on the 
rollers. 

Relative to the question of torque rating and HP. 
rating on motor, I agree heartily with the men who 
have presented these papers this afternoon in the 
fact that we are very little interested in HP. rating 
of these rollers. It is imperative, however, that if 
the rollers do not have sufficient torque to start the 
dead weight and get the thing well in motion, they 
will not operate satisfactorily. But with sufficient 
torque to start the dead weight, there is very little 
trouble to be experienced. 

Again I wish to state that I think we have had 
a very profitable day. We have seen the most mod 
ern steel plant in the country and have had an ex 
cellent symposium presented on the Application of 
Motors for Driving Roll Tables, all of which to my 
mind has been very helpful to the Association and 
to the individuals who have been fortunate enough 
to attend. 

G. R. Carroll: \Ve have quite an installation of 
the self contained type of motor rollers and have 
had some trouble, which can be divided into two 
classes. 

First. Winding failure due to roasting. This 
trouble has been eliminated by using fire-proof insu 
lation, which was not used exclusively in some of 
the first rollers installed. Where cold material was 
to be handled we compromised on cotton insulation 
on the first installations. 

Second. Where the rollers are exposed to water 
considerable trouble has been experienced with seal- 
ing the rollers against water. In order to correct 
this condition, the manufacturer has developed a 
water seal, which consists of a leather packing ring 
and a grease gland. A special stiff grease is used. 
This gland is separated from the anti-friction bearing 
grease chamber. Very good results have been ob- 
tained with the newer development. 

At first we were quite skeptical about using this 
type of roller in locations where hot material rested 
on the motor rollers for some time. After running 
tests with a water cooled shaft, it was found that 
the water could be dispensed with without internal 
temperatures becoming dangerous. 

This type of roller unquestionably has a place in 
the steel mill, and I believe their use will continue 
to increase as we get more confidence in them. 

K. Feller: I believe there is little that I could 
offer as an addition to the papers which were so 
ably presented and which cover the subject fully. 
However, I wish to say that I am glad to have had 
the opportunity to be here today and to hear of some 
actual operating experience on individually driven 
rollers. I feel more could be learned from those 
familiar with operating details and I wonder if Mr. 
Carroll, for instance, would not care to give us the 
benefit of some more of his experience? 

L. A. Umansky: You probably remember the 
rather clever remark made by Mark Twain that 
“Everybody is talking about the weather but no one 
seems to do anything about it.” It seems as if the 
same thing applies to the matter of standardization 
of the individual motors for mill tables. As early 
as June, 1928, I suggested at the Annual Convention 
of this Association, held at Chicago, that the Stand- 
ardization Committee be instructed to adapt a stand- 





ard whereby such motors be rated on a torque basis, 
and that the ratio of the voltage and frequency be 
definitely fixed. This suggestion has been approved 
by all present, and has been duly recorded in our 
Proceedings, (*) but nothing has ever come out of It. 

It seems that it will be perfectly proper if this 
meeting will authorize our Chairman to instruct the 
Standardization Committee to take the necessary ac- 
tion and to bring about the much-talked of stand 
ardization along these lines. I move, therefore, that 
our Chairman be authorized to proceed accordingly. 

My second remark will refer to the continuous 
rating that should be given to the individual motors. 
Opinion has been expressed today that the starting 
torque is the thing that should be built into the 
motors and, once this starting torque is provided, 
the motors will always have a sufficient continuous 
capacity. This may or may not be true, depending 
on the use which you intend to make of the motor 
driven rollers. Suppose a group of motors is sub- 
jected to a rather frequently repeated reversing cycle. 
The starting torque may be ample to accelerate each 
roller within the specified time, but the heating, due 
to the repeated cycle, may exceed the continuous 
capacity of the machine. To use the comparison 
which I have used once before, such a motor will be 
similar to a powerful automobile with an undersized 
radiator: The hill climbing ability is there, but the 
ability to repeat this performance continuously might 
be missing. 

Some of the runout table motors are driving 
rollers located in front of the finishing stand. The 
operator is usually apt to set the table speed too 
high, with the result that the rollers will be rubbing 
against the bar, the tail end of which is still in the 
mill. It is true that the roller motors will slow 
down somewhat under such conditions, but this 
slowing down is contingent on taking more load; as 
the result, the heating of these motors will be far 
greater than may be estimated on a purely theoretical 
basis, without taking into account such intangible 
but existing factors. 

The members of this Association will remember 
that several years ago a good deal of discussion was 
raised regarding the necessity of specifying the con 
tinuous rating of large reversing mill drives. Some 
opinions were expressed that the maximum torque 
is all that is required to determine the size of such 
a drive. Experience has proven the fallacy of such 
a statement and nowadays all reversing motors built 
in this country are provided with nameplates speci- 
fying not only the maximum torque, but the con- 
tinuous capacity as well. 

Under the circumstances I believe, and I strongly 
recommend that the Standardizing Committee at 
tempt to standardize both the starting and contin- 
uous torques of the table motors. 

In my third remark I want to point out the in 
herent limitations of the individually motor-driven 
rollers, and the danger of their mis-application. 
Frankly speaking, I am quite enthusiastic about the 
wide use which the motor driven rollers have gained 
within the recent years. Like most of other elec 
trical engineers, | welcome their success, and for 
exactly the same reason I would not like to see their 
success marred by a faulty application. 


(*) See Proceedings of the A. 1. & S. E. E., 1928, Page 340. 
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For instance, I would be very reluctant to see 
these motors applied to such exacting duty as driv- 
ing the live table rollers of a reversing blooming 
mill. In the first place, the individual motor driving 
a table roller is, after all is said and done, nothing 
but a squirrel cage induction motor. Just as “The 
leopard can not change his spots,” so the induction 
motor can not change its torque-inertia and torque- 
speed characteristics, which are far inferior to those 
of a mill type DC motor. We would ordinarily 
object, and rightly so, to the use of an induction 
motor for driving a conventional live table through 
a set of gears and a line shaft; for a given starting 
torque, the WR?® of a D.C. mill type motor is so 
much smaller than the WR* of an induction motor, 
that a D.C. equipped mill table will easily outrun 
and outmaneuver an A.C. mill table; in other words 
a D.C. drive for live tables will increase the mill 
tonnage while an A.C. drive would seriously hinder 
it. ‘These facts are so well known to all of us that 
they may be merely mentioned. 

Now, if we unanimously outrule a large induction 
motor for driving several rollers geared together, 
there is no good reason to expect a better perform- 
ance if we substitute for it several smaller motors, 


each driving individually a table roller. In fact, such 
substitution in this case is apt to make the things 
worse, rather than better. If you consider a live 
table of a reversing blooming mill, you will readily 
see that at times the ingot is supported by only two 
table rollers. Therefore, the torque of only two 
small motors would be available to move the ingot 
to or from the mill; it would be unreasonable to 
expect a satisfactory operation under the circum- 
stances. In case of a geared table, the whole torque 
of the large driving motor can be concentrated on 
the two rollers which are supporting the ingot. 

[ do not wish to state that it will be never possi- 
ble to build a live table for a blooming mill with 
individual motors. The engineers should really dis- 
card the word “impossible” from their language. My 
point is simply that before this is successfully done, 
some radical invention must be made, changing the 
inherent shortcomings of the induction motors, as 
compared with the D.C. machines. I believe that 
then, and only then, this application will become 
an unqualified success. When this will be accom- 
plished I will be the first one to take my hat off 
before the man who will accomplish this result. 
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The Meeting was called to order by Mr. Egan, 
Chairman, who announced that the purpose of the 
Meeting was to reorganize the Committee and con- 
tinue the work of collecting and tabulating data on 
the application of Anti-Friction bearings in the 
steel industries. He stated that a letter had been 
sent out through the A. I. & S. E. E. requesting 
opinions as to what should be the next problem for 
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the Committee to tackle and read a resume of re 
plies to this inquiry. 

Mr. Egan reviewed briefly, the data which has 
been published on Mill and General Purpose Motors 
and on crane and requested opinion of assembly as 
to whether there should be any corrections or addi- 
tions to this data. 

Mr. Brown of W. E. M. Company stated that 
they were furnishing in some instances, double row 
ball bearings on Mill motors and he felt that data 
covering this application shoul be included in the 
tabulation on Mill motors. The Westinghouse data 
on this subject was sent in too late for publication 
in the 1930 tabulation. Mr. Egan requested Mr. Me- 
Dowell of General Electric Company and Mr. Lewis 
of Crocker Wheeler Company to send in their data 
on this Company’s application of double row ball 
bearings to Mill motors which will be included in 
the tabulation under Mill Motors. 

Mr. Brown of W. E. M. Company raised the 
question of speed limitation for the large size roller 
bearings on Mill motors. Most Mill type motors 
operate at relatively low speeds but this is not 
always the case. When the larger bearings operate 
at higher speeds, the heating sometimes becomes 
objectionable and stresses on retainers or other 
parts become so great as to tend toward early failure. 
Mr. Brown stated that the 318 or 319 bearing on 
frames MC-60 and MC-70 might be considered large 
in this sense, and he felt the question of maximum 
safe operating speed for bearings should be deter- 
mined by Bearing Manufacturers. Mr. Brown point 
ed out that in some instances where bearing heating 
was encountered on operating roller bearing motors, 
the customer became concerned and motor builder 
is not in a position to advise what is safe temper- 
ature rise on bearings. 

Mr. Brown stated the question of end thrust on 
roller bearing application to Mill Motors should be 
clarified inasmuch as this factor tends to increase 
heating in bearings. He pointed out that some types 
of Anti-Friction bearing depend on sliding friction 
to carry axial thrust and was of the opinion that 
these bearings would not handle satisfactorily, a con- 
tinuous thrust set up when motors are mounted at 
an angle or drive through Helical gearing. 

Mr. Egan, suggested, and it was decided, that 
W. E. M. Company, General Electric Company, and 
Crocker Wheeler Company should outline in a letter 
to him, information desired relative to operating 
conditions on speed, temperature and end thrust of 
roller bearing drives and this would be made up in 
the form of a circular and sent out through Mr. 
Kelly’s office to operators in the field to develop 
more information on the matter. 

Mr. Lewis of Crocker-Wheeler Company raised 
the question of using ball instead of Roller Bearings 
on Mill type motors operating at or above 1200 rpm. 
Mr. Egan advised that this is covered by placing the 
responsibility for determination of safe operating 
speed limits with the Roller Bearing Manufacturers. 
He suggested also, that practice will largely deter- 
mine the application. 

Under General Purpose Motors, Mr. Egan asked 
for an opinion from the Committee on tabulation of 
data on the new N.E.M.A. frames. Discussion on 
the subject, Messrs. Lewis, Brown and Egan brought 
out the fact that N.E.M.A. has a Committee who are 





bearing data and lubrication of these 
motors. Mr. Lewis was of the opinion that Messrs. 
McCutcheon of Reliance Engineering and Electric 
Company and Owen of Westinghouse Electric and 
Manufacturing Company were serving on the N.E. 
M.A. Committee and would possibly be in a posi 
tion to give information on what has been done on 
the N.E.M.A. motors. (Neither Mr. McCutcheon 
nor Owen were present at the Meeting). 

Under the subject, Anti-Friction bearing appli 
cation on cranes, Mr. Egan advised that so far only 
bearings applied on bridge and trolley trackwheels 
had been tabulated. Mr. Harry stated that he was 
of the opinion that mountings particularly self 
aligning bearings would be an important factor in 
successful application of Anti-Friction bearings on 
cranes. He, also, raised question of inconsistencies 
in comparative values for loadings in Bearing Manu- 
facturer’s catalogue ratings and stated that he was 
of the opinion that failure in many cases of bearing 
application was due to incorrect understanding of 
load ratings and without sufficient margin for 
safety. 

Discussion: Mr. Heinle, Mr. Ball and Mr. Egan. 

Mr. Heinle stated that he was of the opinion that 
correct application of bearings for loadings and 
safety factors rested with the experience of Crane 
Builders and that catalogue ratings do not mean much 
as regards application to trackwheel-bearings. Mr. 
Ball stated that he could obtain necessary informa 
tion on correct bearing application f Bearing 


studying 


from 
Manufacturers for a given wheel load and rpm. 

Mr. Carroll of J. & L. Steel Corporation stated 
that they have had marked success with roller bear- 
ings on cranes, but has also had some failures from 
axial thrust. 

It was decided to continue the tabulation of data 
on crane bearings with the Bearings pertaining to 
bridge drive shafting. Mr. Egan stated, he would 
prepare a sketch outlining data required and submit 
to Crane Builders for their recommendations and 
practices in Bearing application. It was pointed out 
that lineshaft diameter would determine bearing sizes 
and data for shafts ranging from 334” to 5%” dia- 
meters would cover the field for Mill type cranes. 
Crane builders on receipt of sketch to forward their 
data to Mr. Egan for tabulation before next Meeting. 

Meeting Adjourned 
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britain, Conn. 

F. H. Buhlman, Rollway Bearing Co. Inc., Syra- 
cuse, N. Y. 

Samuel Farrell, Rollway Bearing Co. Inc., Pitts- 
burgh, Pa. 

kK. Waldorf, Timken 
Pittsburgh, Pa. 

J. R. Lewis, Crocker Wheeler Electric Mfg. Com- 
pany, Pittsburgh, Pa. 

J. L. Brown, Westinghouse Electric & Manufac- 
turing Company, East Pittsburgh, Pa. 

V. J. Nolan, National Carbon Company, Pitts 
burgh, Pa. 

A. A, Proudfoot, Reliance Electric & Eng. Co., 
Duffalo, N. Y. 

C. C. McDowell, 
Buffalo, N. Y. 

C. W. Cristal, Crocker Wheeler Electric Mfg. Co., 
Buffalo, N. Y. 

R. J. Harry, Alliance Machine Company, Alliance, 
Ohio. 

*. Homer Kendall, Alliance Machine Company, 
Alliance, Ohio. 

W. C. Heinle, Cleveland Crane & Engineering 
Company, Wickliffe, Ohio. 

R. E. Ludwick, Cleveland Crane & Engineering 
Company, Wickliffe, Ohio. 

H. W. Ball, Morgan Engineering Company, Alli 
ance, Ohio. 

G. R. Carroll, Jones & 
Aliquippa, Pa. 

Chas. Johns, Buffalo Steel Company, Tonawanda, 
ms Ee 

A. R. Cary, Buffalo Steel Company, Tonawanda, 
N. Y. 

Meeting was called to order by Mr. Egan, Chair- 
man, who stated the purpose of the Meeting was for 
re-organization of personnel of Committee for con- 
sideration of application of Anti-Friction bearings 
on Roll Necks. He advised that very little had been 
done to date by the Committee in the way of collect- 
ing and tabulating data on this subject and it is in 
order for the Committee to decide from what angle 
the problem will be approached. 

Discussion: Mr. Waldorf, relative to his exper- 
ience in studying this application. He was of the 
opinion that correct determination of rolling pres- 
sures from test or calculation formed a basis for 
correct application of Anti-Friction bearings in this 
field. He suggested that considerable information 
has already been published in the way of technical 
papers on the subject and this information should 
be analyzed in connection with the Committee’s in- 
vestigation of the subject. 


Fafnir Bearing Corp., New 


Roller Bearing Company, 


General Electric Company, 


_ 


Laughlin Steel Corp., 


Discussion: Messrs. Waldorf, Buhlman = and 
Egan on subject of Rolling pressures. Mr. Egan 
suggested problem of rolling pressures is largely 
problem to be solved by Bearing Manufacturers and 
the work of this Committee is more to collect and 
tabulate data on Mill Necks which have’ been 
equipped with Anti-Friction bearings. 

Discussion: Mr. Waldorf relative to HP saving 
resulting from Anti-Friction bearing equipped Mills. 


Ile stated in some instances as much as 46% savings 
had been effected as indicated by test data. 

Mr. Egan pointed out that the first step toward 
analyzing the Roll Neck problem was to organize 
the personnel of the Committee. 

Mr. Waldorf suggested that considerable research 
work on this subject has been done by the follow- 
ing men and he was of the opinion that they should 
be invited to serve on the Special Committee on 
Bearings while considering the problem of Roll 
Necks. Prof. Trinks, Carnegie Institute of Tech- 


nology, Mr. Kieft, Illinois Steel Company, Mr 
Gasche, Bethlehem Steel Company. Mr. Lewis 


suggested that one or two representatives from each 
of the leading Companies Manufacturing Mills 
should also be invited to serve on the Committee, as 
well as Anti-Friction Bearing Manufacturers inter- 
ested in this type of Application and Steel Mill men 
who are using them. 

Mr. Egan advised the Committee would be or- 
ganized along this line suggested and through the 
co-operation of: Mr. Kelly’s office. 

Mr. Egan requested Messrs. Waldorf, Buhlman 
Batesole and Wallace and any other bearing Manu- 
facturer who has bearings operating in Roll Neck 
service to forward any bearing data now available 
on Mills which they have equipped with anti-friction 
bearings and he will tabulate same and have some- 
thing for the next Meeting. Bearing Men to send 
in data in about three weeks if possible. 

It was decided to hold the next 
Pittsburgh in the last part of March. 

Meeting Adjourned. 


Meeting in 


MEETING OF CONTROL MANUFACTURER'S 
REPRESENTATIVES WITH CHAIRMAN OF 
CONTROL SYMBOL STANDARDIZATION 
COMMITTEE OF A. I. & S. E. E. 
HELD DECEMBER 6, 1930 

The meeting was held on the above date at 
Philadelphia, Pa., with the following representatives 
present: 

H. H. Angel, Chairman, Bethlehem Steel Com- 
pany, Sparrows Point, Md. 

W. C. Kennedy, Cutler Hammer Manufacturing 
Company. 

O. L. Holcombe, Clark Controller Company. 

J. Rowan, Rowan Controller Company. . 

J. Magee, Westinghouse Electric and Manufac- 
turing Company. 

Mr. Bell, Westinghouse Electric and Manufac- 
turing Company. 

Mr. Farley, Electric Controller and Manufactur- 
ing Company. 

W. J. Fleming, General Electric Company. 

A. F. Bowers, General Electric Company. 

J. F. Kelly, A. I. & S. E. E. 

The discussion was first started on the various 
symbols used for the standard contactor. Each 
manufacturer has his own line of symbols which has 
been used for years. The General Electric Company 
has had two symbols in use for approximately ten 
or fifteen years and recently another method of show- 
ing their contactors has been tried. As far as can 
be recalled by the representatives present, most of 
the companies have adhered to but one symbol. Dif- 
ferent methods are used in showing electrical inter- 

(Continued on Page 130) 
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JOINT MEETING 


of the 


Association of tron and Steel Electrical Engineers 


and the 
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Presiding, A. C. Cummins, Electrical Engineer, Carnegie Steel Company, Duquesne, Pa. 


JOINT MEETING A. I. &S. E. E. AND A. I. E. E. 


“Conversion and Distribution of General Purpose “Interconnections of Power Between Public Utili- 
D.C. Power in Large Industrial Plants,” by R. D ties and Large Industrial Users,” by F. O 
Abbiss, Assistant Chief Engineer, Carnegie Steel 
Company, Braddock, Pa., and D. C. West, West- 
inghouse Electric & Manufacturing Co., East 
Pittsburgh, Pa. 


Schnure, Superintendent of Electrical Depart 
ment, Bethlehem Steel Company, Sparrows 


Point, Md. 


“Interconnection Between the Duquesne Light 


Company and the Davison Coke & Iron Com- “Absorption of By-Product Power,” by A. Hoefle, 
pany,” by G. E. Dignan, Chief Engineer, Davison Engineer, Toledo Edison Company, Toledo, Ohio, 
Coke & Iron Co., Pittsburgh, Pa., and R. L. and W. ‘TT. Woodmancy, Superintendent of 


Kirk, Assistant to System Development Manager, 


; ; Power, Interlake Iron Corporation, Toledo, Ohio. 
Duquesne Light Company, Pittsburgh, Pa. 


PROGRAM 2:00 P. M. 


“The Use of Electricity in Large Annealing Furnaces,” by J. C. Woodson, 
Manager of Industrial Heating Engineering Dept., Westinghouse Electric 
& Mfg. Co., East Pittsburgh, Pa. 
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Interconnections of Power between Public 
Utilties and Large Industrial Users 


By F. 0. SCHNURE* 


Discussion of power connections between indus- 
tries and utilities will be simplified if we approach 
the subject by considering the differing conditions 
under which such arrangements are made. There 
are three plans in common practice: 

|. Where the utility furnishes all the power the 

industrial uses. 

2. Where the utility furnishes the peak power for 
the industry, with the latter supplying its own 
base load. 

3. Where the utility furnishes the base load for 
the industry, with the latter supplying its peak 
power. 

Under any of these methods, one also has the 
possibility of purchase of power by the utility from 
the industrial. The greatest economies for each 
party are to be found in potentialities of interchange. 

The first condition is a simple power connection 
with the industry purchasing all of its power from 
the utility. Under this condition, energy may be 
purchased in total, as firm (or primary) power, with 
out restriction; or the arrangement may be a com- 
bination of firm and secondary power where the in 
dustrial contracts for a definite block of primary 
power, and agrees to regulate or defer its secondary 
power demand to periods when the utility is best 
able to supply it. 

There are many industrial plants that can operate 
satisfactorily with a power contract which permits 
the utility, after due notice, to curtail the amount of 
power which the plant takes on any day or even 
during certain hours of any one day. For instance, 
the peak loads of the utility may occur between 4:00 
and 8:00 P. M. while the night load will probably 
be less than 50% of these peaks. The industrial 
plant operating on two 8-hour shifts may end its 
day shift at 4:00 P. M. and start the night shift any 
time after 8:00 P. M. thus avoiding the peak load 
period of the utility. Special industrial loads may 
be carried largely at night with peak load regulation 
during the day if the night rate is made more attrac- 
tive than the day rate. When this is done, the in- 
dustrial plant has prepared the way to obtain power 
rates considerably lower than when the utility con 
tracts to supply power continuously throughout 
the 24 hours of every day and 3865 days per year. 
The advantage of balancing demand by promoting 
night load is recognized by many utilities which 
allow substantial rate reductions on night load. 

Power contracts taking these things into con 
sideration will result in mutual benefit to the utility 
and the industrial. The utility will be able to gen- 
erate power cheaper due to steadier load conditions, 
and the industrial, because power is cheaper, will 
be able to make greater use of it. Co-operation be 
tween the two is essential. While public utility 


* Superintendent, Electrical Department, Bethlehem Steel 


Company, Sparrows Point, Md. 


commissions practically guarantee the utilities’ re- 
turn, the industrial’s profit and powers of expansion 
are definitely regulated by the natural laws of com- 


petitive business. The more favorable the power 


rate, the more business both will enjoy. 

In discussing the second and third conditions, 
namely, where the industry supplies some of its 
own power, | must ask your indulgence in using 
the steel industry as an example, as | am particular- 
ly familiar with such conditions. The general prin- 
ciples will, I believe, apply widely in the relation- 
ship between utilities and industry. I refer to the 
use of power by that part of the steel industry which 
includes coke, ovens and blast furnaces. 

Let us consider the second classification where the 
industrial buys power for its peak loads only. In 
such instances the industrial has large by-product 
energy resources to generate cheap power in com- 
petition with the comparatively more expensive 
power from the utility. 

In the third condition, however, the utility has 
available large blocks of cheap power, hydro-electric 
generated perhaps, so that the industrial’s most 
economic installation is to provide just enough gen- 
erating equipment to supply power for all vital loads, 
such as water supply, as well as to supply the peaks 
of the plant load in order to improve the load fac- 
tor of the energy taken from the Power Company. 
In this arrangement the bulk of the industrial’s power 
is supplied by the utility which, for special reasons, 
may have unusual economic advantages, and the by- 
product gases of the industrial can be applied to 
other industrial purposes. 

There are certain limits in the purchase of power 
which the industrial’ can approach, beyond which 
operation and equipment are jeopardized. The most 
important block of power in a steel plant, for ex 
ample, is that which serves the pumps furnishing 
cooling water to’ the Coke Ovens, Blast Furnaces, 
Open Hearth and Mills, and the power for the cranes 
and auxiliary equipment in the hot-metal depart 
ments. This load must be well protected. Plants 
operated under either the second or third conditions 
will carry this as their house bus or vital load, 
serviced by a turbo generator large enough to handle 
this load under sub-normal steam conditions. ‘This 
bus will be connected to the main plant bus by an 
oil circuit breaker, relayed to open on over-current 
or under-voltage. When trouble develops on the 
main bus, this switch will open on over-current, also 
on an over-loaded system it will open on low voltage; 
in both instances preventing the house bus load from 
stalling. In event of trouble on the house bus 
turbine, the load will be fed from the main bus. 

The power situation in a steel plant is generally 
so concentrated and the loads so heavy that proper 
protection is a difficult problem. Sectionalizing the 
bus and load by reactors is the generally accepted 
method of keeping the short circuit current within 


due bounds. With this concentration of power, trou- 
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ble at strategic points is likely to affect the vital 
load, therefore provision should be made to serve it 
by emergency circuits from the utility’s terminus in 
the steel plant. 

Interconnection, besides providing a_ situation 
where the utility furnishes power, presumes an inter 
change of power from the industrial for a remunera 
tion. That this exchange of power has not been 
more general is due, not so much to the lack of 
recognition of the potential excess by-product energy 
available in the steel industry, as to the lack of 
commercial provision for its utilization. It is true, 
of course, that there are numerous industrials which 
do not generate power in their operations. 

Economy demands that waste gas and waste heat 
in steel manufacture should be utilized not only 
when the resultant power is needed in the plant 
where the gases exist, but at all times, and inter- 
connection should provide a means of passing such 
power into commercial use. 

Such interconnections do exist and operate be 
cause it is impossible to connect two generating sys- 
tems together without exchange of power at one 


time or other. A rate structure should be set up 
that would allow the greatest economic use of these 
waste gases. The utilities, connected as they are 


today, supplying power to a greatly diversified group 
of customers, spread over a large territory, should be 
able to take this economy power and market it effec- 
tively. One way in which the utilities could promote 
the use of such power is to offer attractive rates. 

On this point the late Dr. Steinmetz wrote, “In 
considering the rate making for such mutual power 
exchange service it is obvious that the rate paid by) 
the industry to the central station for the power 
received cannot be the same as the rate paid by the 
central station for the power returned, but must be 
materially higher, for two reasons: First, a consider 
able part of the cost of power is interest, depreciation 
and maintenance of the distribution system, and this 
part of the cost is carried by the central station for 
both forms of power. Second, the central station ha: 
no control over the amount of power, and the time 
of its delivery or reception, thus must be ready to 
deliver power at any time, whether during peak Toad 
or during off peak. This gives the most expensive 
power, especially as the load-factor usually is ver) 
low. Inversely, the central station must receive the 
power returned whether it needs it during peak load 
or does not. need it, during off-peak. Thus the re 
turned power is the least valuable.” 

It is well to recognize the kinds of power the 
industrial has available to return in this intercon 
nection. First, there is that incidental reverse power 
that occurs when two systems are connected no mat 
ter how careful the regulation may be. On a utility 
service of 20,000 K.W. this exchange power, may 
vary plus or minus five hundred k.w.h. per hour. Its 
variation and uncertainty renders it the least valuable, 
yet it is energy and should have a definite value fot 
a limited quantity. Second, there is the economy 
power available from by-product gases in excess ol 
the plant requirements. This power should have the 
same value to the utility as the power generated by 
its own equipment, considering only fuel, operating 
labor and repairs, all referred to the load centci 





where it is being used. Third, there is the emer 
gency power the utility may need because of emer 


gencies, in which case the industrial should make 
every effort to supply the power, for which it should 
receive an equitable remuneration. There is no dif 
ference in principle in the interchange of power 
between a utility and an industrial, as compared 
with one utility and another. 

This relationship has considerable possibilities in 
the steel industry, where the blast furnaces, coke 
ovens and open hearth are all producers of by-product 
energy (gas, coke braize and steam) available for 
power generation. 

\ modern blast furnace produces on the order of 
1,000 gross tons of pig iron per day, and for every 
ton of pig iron approximately 150,000 cu. ft. of gas 


is produced. This gas will vary from 90 to 100 
B.T.U. per cu. ft., the average being 95. A thou 


sand-ton furnace, therefore, will produce 150,000,000 
cu. ft. of gas per day or 6,250,000 cu. ft. per hour. 
Of this, approximately 70% is available for power 
generation and miscellaneous plant uses. Used in 
gas engines with a thermal efficiency of 23%, this 
amount of 100 B.T.U. gas will produce 25,000 k.w.h. 
per hour. Burned under modern boilers the produc 
tion will be somewhat less, a thermal efficiency of 
I8% producing approximately 20,000 k.w.h. per hour. 

The coke ovens produce from a gross ton of coal, 
in addition to other by-products, 11,000 cu. ft. of 
gas with a thermal value of about 500 B.T.U. used 
as a fuel in the various heating, melting and anneal 
ing furnaces throughout the plant. 

In the manufacture, handling and quenching of 
coke small pieces are broken off which are not suit 
able for blast furnace use. These fines are screened 
from the furnace coke and constitute coke: braize, 
which is usually burned under boilers. 

With each open hearth furnace of 125-ton capac 
ity, there is installed a 600 HP. “waste heat” boiler 
from which 75% to L0OY% of rating is obtained, 
depending on the operation of the furnace. 

\ plant producing a large percentage of heavy 
section, plain material such as_ plates, structural 
shapes, rails, etc., will not consume as much of its 


own fuel as the plant producing material such as 


sheets, tin plate, rods, wire, pipe, bars, etc., where 
the processed steel passes through furnace after fur- 
nace. The plain material plant will have more by- 


product gas per unit of finished product for generat- 
ing power than the plant sane, highly finished 
products. 

In general, interconnections where the industry 
provides enough power for its base load should pro 
vide an incentive for the industrial to make the 
maximum economical use of its available by product 
energy and at the same time make the interchange 
cost to the utility so attractive that it will represent 
an economy for the latter to use any surplus power. 
Under the condition where the industrial purchases 
most of its power, in districts where coal is expen 
‘ive and power cheap, the development of the indus 
trial power plants should cover the protection of the 
vital load only and the use of the by-product gases 
in manufacturing processes should be developed to 
the utmost. Every steel plant has an individual by- 
product energy prob lem which is constantly changing. 
The accomplishments of the central stations in fuel 
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economy in the last decade have a parallel in what 

has been done and is under way in the steel plants 
. - ° ’T* . 

towards the conservation of fuel. lhe maximum 


gain to both parties can come from a joint con- 
sideration of the potential economies in the inter- 
connection of power systems. 


Conversion and Distribution of General Purpose 


D.C. Power in Large Industrial Plants 


By R. D. ABBISS* and D. C. WEST 


It is commonplace to remark that, with the ex- 
ception of an almost negligible amount, our enormous 
yearly output of electrical energy is generated in the 
form of alternating current. It is rather striking, 
however, to realize that probably one-third of this 
energy is finally consumed in the form of direct cur- 
rent. Fundamental economy and flexibility in gen- 
eration, transmission and distribution, together with 
the rugged simplicity of the induction motor and its 
suitability for many applications, have resulted in 
the dominance of the polyphase A.C. system. On 
the other hand, the flexibility of speed control in- 
herent in the D.C. motor is of such value in many 
applications that direct current retains a very promi- 
nent and apparently permanent place in utilization. 
In order to realize the advantages of both A.C. gen- 
eration and D.C. utilization we must pay the price 
of providing and operating a system of power con- 
version and low voltage D.C. distribution. Viewed 
in this light this whole intermediate system takes on 
the nature of an overhead, or we might even say a 
necessary evil. Certainly, it is deserving of any 
attention or study which promises reduction of the 
overall cost. A considerable amount of time and 
effort, expended over a long period of years, has 
brought the apparatus for such a system to a high 
state of development, and the effort at improvement 
continues at an increased rate. However, it has 
probably not been fully appreciated that the economy 
which this modern equipment makes possible can be 
fully realized only through careful planning and 
proper co-ordination and design of the whole system 
of conversion and D.C. distribution. 

In the early days of the electrification of industry, 
D.C. power was supplied to a large extent by slow 
speed D.C. generators, driven by reciprocating steam 
engines. Even today there are still in regular oper- 
ation an appreciable number of these gigantic af- 
fairs, consuming a needlessly large amount of power 
in the form of losses in both the engine and gen- 
erator, requiring a considerable force of men for 
operation and maintenance, and unnecessarily taking 
up a considerable amount of more or less valuable 
space. A.C. power is available in practically all 
present day cases, either purchased or locally gen- 
erated, and marked economy can usually be effected 
by changing over to modern, high speed, efficient 
conversion equipment. Where steam pressure must 
be maintained for other purposes and where the 
space is not particularly valuable, the engine driven 
units are sometimes left in place as standby capacity. 

* Assistant Chief Engineer, Edgar Thomson Works, 
Carnegie Steel Company, Braddock, Pa. 
+ General Engineer, Westinghouse Electric and Manu- 


facturing Company, East Pittsburgh, Pa. 





The development of reliable conversion equip- 
ment was a definite step forward, in spite of the fact 
that the early units were relatively large slow speed 
machines, with correspondingly low efficiency. Even 
with the later development of higher speed machines, 
constant attendance was necessary at all times when 
the machines were in operation, since only manually 
operated switching equipment was available. Since 
many large industrial plants have grown up under 
the limitations imposed by steam driven generating 
equipment and manually operated conversion units, 
it is not uncommon to find the total D.C. capacity 
concentrated in one or two large stations, whereas 
a large part of the D.C. power must be used at 
remote parts of the plant. The arrangement un- 
doubtedly represented good economics at the time 
it was first installed. In many cases, however, a 
study will show that growth of the plant and the 
development of new apparatus have gradually ef- 
fected a change and that the present day result is a 
more or less costly compromise between high dis- 
tribution loss, low voltage at the load and an exces- 
sive amount of distribution copper. 

By eliminating the necessity for constant attend- 
ance at each substation, automatic equipment makes 
it economically feasible to distribute the D.C. sub- 
station capacity throughout the system. The average 
D.C. feeding distance is thus greatly reduced, with a 
corresponding saving in distribution cost which can 
be taken either in the form of less copper, reduced 
losses, or both. If improvement in voltage at the 
load is necessary, the advantage gained can readily 
be turned to this purpose. It is, of course, necessary 
in any case to transmit roughly the same amount of 
power over about the same distance from the A.C. 
source to the distributed D.C. load. The funda- 
mental economy lies in the fact that, with distributed 
conversion equipment, the bulk distribution of this 
power is over a relatively high voltage, 3-phase cir- 
cuit, say 6600 volts, instead of a 250-volt, D.C. circuit. 


System Study: 

The general problem under consideration will 
arise, ordinarily in connection with the rehabilitation 
or extension of an existing plant. Where an en- 
tirely new installation is to be made, the problem is 
somewhat simplified in that the practical limitations 
of an existing arrangement are eliminated. In any 
case, joint consideration of load, D.C. distribution, 
substations, and A.C. transmission is essential to a 
proper analysis and economical solution, since it is 
only by such a study of the entire system that the 
major component parts can be correctly co-ordinated 
and proportioned. 

The first step in any such study is a careful sur- 
vey and analysis of the load requirements. In the 
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FIG. 1—D. C. System showing Substations, lines, and connected D. C. Motor Horse Power. 
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case of an existing plant, complete meter readings 
are very helpful. Weekly or monthly readings of 
energy consumption are useful as a general check 
only if the shape of the daily load curve is known. 
Graphic ammeter and voltmeter charts, taken both 
at the stations and at strategic points in the dis- 
tribution system, will provide a clear picture of ex- 
isting conditions. The charts should cover at least 
a full typical day, and preferably at a time when the 
plant is operating at maximum production capacity 
in all departments. Usually it will be found neces- 
sary to make an allowance in the use of the charts 
to offset subnormal production, both as regards mag- 
nitude and location. If the records are made in 
summer, and an appreciable portion of the utiliza- 
tion equipment is located out-of-doors or in poorly 
heated buildings, an allowance must be added to 
cover winter load conditions. In some cases, this 
might run as high as 10 or 15%. Some allowance 
for casual growth is usually made, also. 

The object of the load study is to determine not 
only the magnitude, but also the distribution of load 
throughout the plant. Ordinarily it will usually be 
found that sufficient information cannot be obtained 
from the graphic load charts available, and that it is 
necessary to resort to a consideration of installed 
motor horsepower. Inspection of a large map of the 
plant, such as shown on Fig. 1, will at once suggest 
natural sections or areas into which the system can 
be subdivided so that the installed horsepower can 
be lumped in suitable blocks. For example, it 1s 
convenient to determine and mark on the map the 
total motor horsepower installed in each mill, large 
building, or group of small buildings which would 
naturally be fed as a unit from the D.C. system. 
In studying an exceptionally long and narrow plant, 
it was divided up into transverse strips, each 100 ft. 
wide, and the installed horsepower was determined 
for each strip. Having arrived at the amount of 
motor capacity in each section, a factor must be 
applied to obtain the equivalent average load at the 
station bus with the plant operating at full produc- 
tion capacity. This factor will depend on the diver- 
sity of utilization and on the distribution efficiency, 
and is difficult to evaluate very closely. Although 
the available data are limited, experience seems to 
indicate that for large steel plants the load at the 
substation bus will average about 25% of the in- 
stalled motor capacity, both expressed in either 
horsepower or kilowatts. In one case, graphic load 
charts indicated a factor of 26% for summer condi- 
tions. It is always very desirable to establish this 
factor for the particular type of plant under con- 
sideration by actual average load measurements at 
the existing stations. A single motor which is large 
in comparison with the size of the individual conver- 
sion unit, such as a main roll drive in a steel mill, 
should be given special consideration. Most such 
motors are now supplied by separate motor generator 
sets to obtain variable voltage speed control. 

In selecting the most economical arrangement to 
meet the overall requirements, several fundamental 
relations should be borne in mind. The investment 
in substations will be greater as the number of sub- 
stations and conversion units is increased, for a 
given system capacity. On the other hand, assum- 
ing a given average voltage at the load, either the 
distribution losses or the investment in distribution 


copper, or both, will be considerably reduced by 
smaller stations more closely spaced. Again, the 
cost of copper necessary to maintain the desired 
voltage with one or more units out of service will 
decrease as the total capacity is divided into a larger 
number of smaller conversion units. The problem 
is to strike a suitable balance between these increas- 
ing and decreasing factors. Any plans or probabili- 
ties of expansion or other changes in the plant lay- 
out must be given careful consideration since they 
may have a determining influence. 

In most cases, local conditions will dictate a 
limited number of available substation sites. In- 
spection and preliminary study of the load map will 
then indicate several possible substation arrange- 
ments, as regards size and location. Rough calcula- 
tions and practical operating considerations usually 
suffice to select one or two of these arrangements 
as being obviously best suited as a working basis 
for detailed study and final design. 

In a large plant with distributed conversion ca- 
pacity the main D.C. distribution system naturally 
takes the form of a heavy network connecting all 
substation buses together into what might well be 
designated as the plant bus. The various conversion 
units feed into this plant bus, and the load feeders 
are tapped off from it in much the same manner as 
though the whole conversion equipment and bus 
were concentrated in a single substation. With this 
arrangement, the main distribution copper is utilized 
not only for feeding the load under normal condi- 
tions, but also as tie capacity between stations which 
permits shutting down part of the substations dur- 
ing periods of light system load conditions with one 
or more units out of service. <As a criterion of 
reliability of the D.C. power supply it is considered 
necessary, in most large plants, to provide a system 
capable of maintaining normal production with one 
conversion unit out of service. In general, simul 
taneous outage of two units is considered as a rather 
extreme emergency during which some slowing up 
is to be expected in the adjacent sections, but which 
should not require shut down of any part of the 
plant due to low D.C. voltage. 

Before proceeding with the calculation of the 
amount of distribution copper required with each 
of the schemes selected, it is necessary to decide 
on the approximate distribution efficiency and load 
voltage conditions which are necessary or desirable 
in order to best satisfy the overall purpose. For 
example, suppose it be decided to design for 6 per 
cent total distribution loss, as a first approximation. 
Then a uniform average drop of 3%, or 7.5 volts, be 
allowed at all points between the plant bus and the 
load, the average of the voltage drops at all points 
along the length of the plant bus must also be 3%. 
With the fairly uniform loading which usually ob- 
tains, the maximum voltage drop on the plant bus 
would occur about midway between stations and 
would be about 5%, or 12.5 volts. Assuming 250 
volts at the substation buses under normal load, the 
minimum voltage at the load in any part of the 
plant would be 230 volts, which is ample. With a 
given plant and scheme of substation location, these 
conditions, or requirements, completely define the 
amount of distribution copper necessary under normal 
conditions. So far, the only requirement as to size 
and number of conversion units is that each sub- 
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station have enough total capacity to supply the 
load which it naturally picks up from the system in 
its particular location. 

The next step is to check back against the ab- 
normal condition of one conversion unit being out 
of service. Again limits must be established, but 
only as regards voltage since distribution efficiency 
is not important in this case. Suppose it be decided 
that 215 volts is the minimum permissible load volt- 
age at any point in the system under this condition. 
Assuming 7.5 volts uniform drop between the plant 
bus and the load, as before, this permits a minimum 
plant bus voltage of 222.5 volts, which is 15 volts 
below the corresponding value previously decided 
upon for normal conditions. This difference in volt 
age drop is available for feeding the normal load 
current over a greater than normal average distance 
in the general region of the machine out of service. 
The amount of plant bus copper necessary to meet 
these or similar requirements of abnormal operation 
will depend on the size of conversion units and on 
the amount and location of spare capacity. If a 
complete spare conversion unit were installed in each 
substation, the problem would be solved, since the 
average feeding distance would be the same as under 
normal conditions, even with a unit out of service 
in each substation. However, the resultant invest- 
ment in conversion equipment would be somewhat 
more than necessary, which would offset, to a con 
siderable extent, the savings to be effected by dis 
tributed conversion equipment. 

Automatic voltage and load regulating equipment 
makes it feasible to divide up the spare capacity and 
distribute it among the various substations. In most 
applications, it is difficult to match the actual normal 
load with standard commercial ratings even by re 
sorting to the undesirable expedient of installing a 
miscellaneous assortment of machine sizes on one 
property. For example, a 1600 KW. substation load 
would require 2000 KW. capacity. Probably, two 
1000 KW. machines would be selected, in preference 
to one 2000 KW., in order to provide operating flexi- 
bility and to minimize the effect of machine outage. 
The automatic regulating equipment makes full use 
of the extra capacity in each machine as_ spare 
capacity in case of machine outage at this or other 
substations on the system. Assuming one of the 
two units in this station out of service, the other 
would be badly overloaded and would soon have to 
be shut down were it not for the automatic regula- 
tor which functions to maintain the load within the 
capacity of the machine by reducing the voltage as 
much as necessary to shift the extra load to other 
substations. In case of machine outage in an ad- 
jacent station, the regulators permit both machines in 
this station to assume load up to a predetermined 
limit at normal voltage, beyond which the voltage 
is automatically reduced to shift the surplus load on 
to the next station. 

From the above it will be apparent as the study 
progresses it may be necessary to increase either the 
size of copper or the capacity of conversion units at 
certain locations, in order to come within the pre- 
scribed limit of permissible plant bus voltage reduc- 
tion under abnormal conditions. In considering the 
spare capacity available, it is customary to assume 
that the load limit regulator will be set at about 
110 per cent of machine rating, thus adding, in effect, 


10 per cent capacity in each machine. This is con- 
sidered good operating practice since this setting 
has to do only with operation under the temporary 
conditions with one or more machines out of service. 
Under normal conditions, the machine capacity must, 
of course, be sufficient to prevent overloading. Since 
the standard machines for this service are nominal 
rated to carry 125 per cent load for two hours the 
windings will not exceed a safe temperature rise at 
110 per cent load. Increased maintenance expense 
on current collecting parts is to be expected, of 
course, as a result of any prolonged overload opera- 
tion but the occurrence is so infrequent that this is 
not considered serious. 


Parallel Operation: 

In considering multiple station systems, or multi- 
ple unit stations, it is necessary to bear in mind the 
fundamentals of parallel operation. With all condi 
tions fixed and constant, satisfactory division of load 
between units could be obtained by simply adjusting 
the voltage of each unit to a proper value for the 
given conditions. Hlowever, slight variations in 
certain conditions, such as load or temperature, will 
cause or initiate large variations in load division 
unless the whole system is so designed and adjusted 
that each conversion unit tends always to shed, 
rather than assume load. In any practical case, 
therefore, stable parallel operation can be effected 
only if each conversion unit operates with a droop- 
ing voltage characteristic, or equivalent, with respect 
to all other conversion units. 

The division of load between substations is de 
termined by the relative substation bus voltages, and 
the relative resistances between the substations and 
the points where the loads are tapped off. The de 
sired load division should be obtained as far as 
practicable, by proper location of stations and pro- 
portioning of main distribution copper, but in some 
cases it is necessary to adjust the full load bus volt 
ages to somewhat different values in order to make 
each station take its proper share of load from the 
system. At the same time, it is necessary to adjust 
all stations to substantially the same no-load voltage 
in order to prevent the lower voltage units being 
shut down on reverse current during periods of light 
load. This can best be accomplished by providing 
each station with an adjustable drooping voltage 
characteristic. The no-load voltage of all stations 
can then be set at the same value, say 5 per cent 
above the desired average full-load voltage of the 
system, and the amount of ‘voltage droop at each 
station varied to give the desired load division. The 
small droop in the bus voltage characteristics, to- 
gether with the voltage drop in the main distribution 
copper between stations, provides an inherently stable 
system under all load conditions. ; 

A slightly drooping bus voltage characteristic is 
also the simplest and most effective method of in 
suring proper parallel operation of two or more units 
in the same station. Stable parallel operation of 
flat compounded or over-compounded machines is 
possible only when they are provided with a low 
resistance equalizer connection, and even then con- 
siderable manipulation of the field rheostats is re 
quired to maintain proper load division under all 
conditions of temperature and load. On the other 
hand, with shunt machines, parallel operation is in- 
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herently stable, load fluctuation does not materially 
affect load division between machines, and the effect 
of temperature variation is minimized. For un- 
attended automatic operation, special regulating 
equipment is required for satisfactory parallel opera- 
tion on a flat or rising bus voltage characteristic. 

Where voltage regulators are used, the sustained 
bus voltage is determined by the regulator character- 
istic, although the instantaneous load. division on 
very fast load swings is largely dependent on the 
inherent machine characteristics. To effect the de- 
sired drooping bus voltage, the standard voltage 
regulating element is provided with a current bias 
coil, which gradually recalibrates the device for 
slightly lower voltage as the load increases. The 
amount of droop can be readily adjusted by means 
of a small rheostat in series with the current bias 
coil, thus providing a convenient method of obtain- 
ing proper load division between units and between 
stations. It should be noted that a drooping bus 
characteristic does not mean that the bus voltage 
drops below normal value at full load, but that it 
drops to normal value at full load from a slightly 
higher voltage at no load. Experience has shown 
that about 4 to 6 per cent droop is entirely adequate 
as regards parallel operation, and further, that from 
a utilization viewpoint, the effect of this small in- 
crease in no load voltage is negligible in practically 
all industrial systems. 


Sectionalizing of the D.C. System: 

There are two general methods of handling faults 
in D.C. distribution systems. The first is typified 
by the usual practice in D.C. Edison systems where 
the distribution system comprises a heavy network 
of underground lead-covered cables solidly tied to- 
gether at frequent intervals to form a huge grid, 
from which the individual loads are fed through the 
usual service fuses. Each feeder cable between the 
grid and the substation bus is protected at each 
end by a fuse or a circuit breaker, which is designed 
to trip only in case of a fault in that cable. There 
are a large number of these cables, and the isolation 
of one does not seriously affect the grid voltage. 
It is the intention that faults in the grid will be 
burned off and, in the case of underground lead 
covered cables, this will ordinarily occur quickly, 
without extensive damage or communication to other 
circuits, and with only a momentary dip in the grid 
voltage. 

The second general method is typified by the 
standard practice in D.C. railway systems, where the 
distribution system is completely sectionalized with 
the intention of immediately isolating any fault in 
the D.C. system. In this case, one side of the 
system is always solidly grounded, and the construc- 
tion is necessarily such that faults between the con- 
tact system and ground are of relatively frequent 
occurrence. Furthermore, the higher voltage ma- 
chines used in railway service are more susceptible 
to flashover on severe short-circuit. An attempt to 
burn off short-circuits is likely to result in annealing 
trolley wire, or in other extensive damage, with 
considerable resultant expense and interruption to 
service. The whole system is divided up into sec- 
tions, each of which is fed separately from one or 
more substations through feeder circuit breakers. In 
many cases, the system is further sectionalized by 


installing tie buses, with sectionalizing breakers, be- 
tween substations. In case of fault, all breakers 
directly connected to that section must trip. Over- 
load tripping devices have proved to be inadequate 
for this purpose, because, in the ordinary railway 
system, the current incident to a remote fault is of 
less magnitude than the legitimate load swings 
normally imposed on the same feeder. With the 
advent of the unattended automatic substation, short- 
circuit detector automatic reclosing feeder equipment 
was developed, which provides positive discrimination 
between faults and legitimate load swings and, hav- 
ing tripped, remains open until the fault has been 
cleared. 

The D.C. system of a large industrial plant is 
more or less of a cross between the two types dis- 
cussed above, and there seems to be no well estab- 
lished practice as regards sectionalizing. The system 
is normally ungrounded and the distribution system 
is composed of insulated cables, with the result that 
faults in the distribution system are of infrequent 
occurrence as compared with a railway system. How- 
ever, a considerable number of cables are ordinarily 
racked together in overhead runs extending through 
the various plant buildings, often under adverse 
conditions of dirt, heat and fumes. An attempt to 
burn off a fault on one of these cables presents the 
possibility of starting a fire, or of communicating to 
other circuits with extensive damage and interrup- 
tion of service. Some large industrial plants are 
operating with the entire D.C. distribution system 
solidly tied together. Others separate the more 
troublesome circuits and connect them through feeder 
circuit breakers to the nearest substation bus. Still 
others consider it well worth while to completely sec- 
tionalize the system. The decision will rest largely 
on local considerations. 

It has previously been stated that the main dis- 
tribution system naturally assumes the form of a 
plant bus, connecting between all substations. This 
can readily be separated into several parallel circuits, 
each connected through feeder breakers to the sub- 
station buses. By proper attention to the distribution 
of load on these several circuits, the copper can be 
used effectively. Further sectionalizing can be ac- 
complished by installing breakers at the points where 
the main blocks of load are tapped off the plant bus, 
and by feeding nearby loads direct from the sub- 
station bus through feeder breakers. For any case, 
short-circuit detector automatic reclosing feeder 
equipment is available which will adequately serve 
its function of remaining closed on legitimate load 
swings, tripping out on faults, and reclosing only 
when the fault has been cleared. If faults on the 
main distribution system are to be burned off, the 
conversion units should be capable of stable operation 
down to very low voltage. Otherwise, a severe 
fault will probably result in a complete system out 
age, with considerable difficulty in restoring service. 





D.C. POWER DISTRIBUTION SYSTEM AT 
EDGAR THOMSON WORKS—CARNEGIE 
STEEL COMPANY 

The arrangement of the direct current system 
at these works is a typical example of a large in 
dustrial D.C. network which is the result of addi 
tions to the system from time to time to supply the 
increases in demand due to growth and changes in 
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the plant. This arrangement probably differs to 
some extent from the arrangement that would be 
proposed after a study of the requirements of a 
similar but altogether new installation. 

The original installation consisted of two 400 KW. 
Buckeye horizontal tandem compound engine gener- 
ators and one 800 KW.—vertical cross compound 


engine driven generator. One of the 400 KW. units 
was grounded and used to supply power to the larry 
cars in the Furnace Department, the other units be- 
ing used to supply the current required by the other 
departments. Power was supplied to each consum- 
ing department over separate feeders from the Power 
House, each feeder having a switchboard panel equip- 
ped with a single pole circuit breaker and double 
pole knife switch. There were a total of sixteen 
1,000,000 C.M. cables leaving the Power House, 
four of which supplied the Furnace Department and 
two each supplying the following: Metal Mixer, 
Foundries, Converting Mill, Bloom Mill, Rail Mills 
and Finishing Mills. 

Care was exercised at this time to avoid the in- 
terconnection of any feeders. 

Several years later the power supply was aug- 
mented by the addition of a second 800 KW. gen- 
erator which was a duplicate of the one previously 
installed and the feeder lines to the Finishing and 
Rail Mills increased to take care of the additional 
load. 

The installation of an electrically driven Rail Mill, 
which consisted of two main roll trains each driven 
by a 1500 H.P., 250-volt, D.C. motor together with 
auxiliary motor load totaling about 1200 HP. in- 
creased the power demand on the Power House 
nearly 100%. 

To provide this additional power, two 1500 KW., 
250-volt, D.C., vertical cross compound engine driven 
generators were installed, together with 10 pair of 
1,000,000 C.M. cables, extending from the Power 
House to the New Mill. 

After the mill had been put in operation, it was 
found that the load on the generators, which aver- 
aged about 80% of rating with an occasional peak 
of 110%, would drop considerably when the mill was 
shut down. This caused the engines to race upon the 
sudden reduction of load, and they did not pick 
up speed quickly when the load was applied, and 
since these periods of low power consumption were 
very frequent due to the operation of the mill, the 
load fluctuated to such an extent that the operating 
conditions were not at all satisfactory. The installa- 
tion of a 1500 KW. blast furnace gas engine driven 
generator at this time did not improve the load 
conditions in the Power House as its operation was 
very irregular at times due to the fluctuations in the 
gas quality. 

\ storage battery with the necessary M.G. sets 
with floating regulators having a capacity of 5000 
amps. for one hour or 15000 amps, momentarily was 
installed midway between the Power House and the 
mill to correct this fluctuating load condition. The 
installation of this battery permitted the engines to 
carry the average load of the plant absorbing the 
charge when the mills were shut down and discharg- 
ing during starting and other periods of high power 
consumption. On account of the physical location 


of this battery, each mill feeder was connected to 
the main feeders at the battery building instead of 





running directly to the Power House as in the 
previous arrangement. 

Since the increased load at the Plast Furnace 
Department was taxing the capacity of the cables 
previously installed, it was found necessary to add 














FIG. 2 


new cables over the same route. In installing these 
feeder cables, they were all connected in parallel 
forming a common bus for this department, the in- 
dividual loads being connected to main bus either 

















FIG, 3 


through breakers or knife switches as the nature 
of the load required, thus taking the first step in 
forming the D.C. network in our plant. This arrange 
ment, on account of the intermittent nature of the 
load required, made it possible to supply current to 
this department without an excessive voltage drop 
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FIG. 5 


and with the least amount of copper. It was later 
found necessary to install two 1000 KW. motor gen- 
erator sets located in #3 substation about 1500 ft. 
from Power House to supply the requirements of 
this department. 

In order to meet the increased power demand in 
the Mill Department caused by the installation of a 
new Open Hearth Plant together with a new Bloom 
Mill and a new Rail Mill, a 3500 KW., 25-cycle, 
6600-volt, A.C., turbo generator was installed in the 
Power House with 6600 volt feeders to three new 
1000 KW. Motor Generator Sets, two of which were 
located in #1 Substation near the new mills and one 
in #2 substation located near the Open Hearth Plant. 
Due to certain operating conditions, which were 
deemed advisable to maintain, the two Substations 
were connected through eight 1,000,000 C.M. cables. 
The feeder cables in the mill department were all 
connected together and individual loads fed through 
breakers or knife switches exactly as had previously 
been done in the Furnace Department, except that 
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certain loads, such as the Pouring Cranes in the 
Open Hearth Department, were connected direct to 
these cables as it was deemed more desirable to pro- 
tect the operator rather than the equipment. Thus 
the first step in the Mill Department in the general 
scheme toward the present D.C. system was taken. 

Since the eight cables connecting the two substa- 
tions ran through the Mill and Open Hearth De- 
partments, it was found convenient to tap the mill 
feeders directly to this bus. Later when the storage 
battery was removed, the feeders for the Converting, 
Blooming and Finishing Mills were connected to the 
electrically driven rail mill feeder, and this 
feeder in turn connected to the bus between #1 and 
2 Substations, thus completing the network or main 
bus system in the Mill Department. 

In order to improve the parallel operation of the 
Substations with the engine driven generators, the 
control equipment was changed from manual to full 
automatic at which time the series fields, which had 
been added under the manual control arrangement, 
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were removed; giving the machines a drooping volt 
age characteristic which was necessary under auto 
matic operation. 

Since power failure of the network had occurred 
from time to time due to crane booms coming into 
contact» with the 6600-volt line or due to. short 
circuits which developed on the D.C. system itself 











FIG. 8 
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and also as the load had become rather far removed 
from the source of power causing the operation of 
the generators at voltages somewhat higher than 
were deemed economical, it was decided to install 
three additional 1500 KW. MG-sets near the load 
centers. Accordingly one new set was installed in 
the Power House, one in #4 Substation near the 
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Converting Mill, and one in #5 Substation near the 
electrically driven rail mill. These two substations 
are provided with filtered air. The result of all 
these changes is shown graphically in Fig. 1. In- 
terior views of Substation #5 are shown in Figs. 2, 
3, and 4. 

3y means of the installation of the last mentioned 
equipment, we have been able to reduce the unac- 
counted for power losses about one-half, which is 
indicated by the fact that the generators are now 
operating at from 250 to 260 volts instead of 270 to 
280 volts as was required previously, maintaining 
better voltages at the points of power usage. 

The reliability of the Electric System as a whole 
was furthermore increased at this time by the re- 
placement of the overload devices on the A.C. Line, 
which were of such character that they could not be 
depended upon to disconnect that portion of the line 
on which trouble had developed and would overload 
the turbo generator, ‘causing it to shut down and 
consequently throw the load on the company’s 44,000- 
volt interworks connecting line. If the overload 
devices on this line failed to operate, it would over- 
load the generators at one of the other plants furnish- 
ing this power, causing further trouble on the 
system. 

The application of satisfactory overload devices 
on the A.C. line and the replacement of the over- 
load devices on the 3500 KW generator with current 
limiting reactors, together with the installation of a 
15000 KW. turbo generator which is self protecting 
on short-circuit and will not shut down on over- 
load, makes it possible for any A.C. feeder to dis- 
connect itself from the Power House in case of 
trouble without shutting down the generators feed- 
ing the HZ line or any substation other than the one 
to which it is directly connected, as it is the practice 
to operate each substation on a separate line. Fur- 
thermore, since all the D.C. generators of the original 
M.G.-sets were self-excited machines obtaining the 
power for operation of the substation switching 
equipment from the net work, a voltage drop ac- 
companying any sizable disturbance on the system 
would cause the generator to become unstable and 
the set would be shut down. If this voltage remain- 
ed low, the switching equipment would not function 


properly, making it impossible to re-start the ma- 
chines. To remedy this condition, a 250 volt battery 
was installed in the Power House and was connected 
so as to operate the starting features of the two 
sets in the Power House and those in the new sub- 
stations. The new MG-sets were each equipped with 
separate exciters and had automatic current and 
voltage regulators incorporated in their control, mak- 
ing them capable of stable operation under any condi- 
tion of bus voltage or load. The operation of this 
equipment, which in turn has kept the voltage avail- 
able to the old substations above the critical point, 
has eliminated any trouble previously encountered in 
starting the MG-sets. 


Fig. 5 shows an interior view of Power House in- 
cluding two of the before mentioned MG-sets. 

Fig. 6 shows the General Plan of equipment in 
the Power House. 

Fig. 7 shows.an enlarged view of the switchboard 
panels and breaker equipment for the D.C. gen- 
erators. 

The power wiring to the D.C. generators in the 
Power House and to the outgoing feeders were 
originally weatherproof insulated cables carried on 
porcelain insulators. As the extent and capacity of 
the D.C. system increased, these cables took up a 
great deal of space in the cellar of the Power House, 
making it difficult to inspect or repair them, and 
the insulation on the cables added considerably to 
fire hazard. It was therefore necessary to replace 
this wiring by bare copper bar construction when the 
new machines were installed. This is shown on 
Figs. 8 and 9 and also on Fig. 10. 

The D.C. generating capacity concentrated on the 
power house bus made possible stresses up to 10,000 
Ibs. per 6 ft. length of conductor under short-circuit- 
ed conditions and the space available was very much 
restricted on account of engine foundations, pipes, 
columns, etc. The bus bar arrangement shown made 
it possible to get a total of seven separate 2-wire 
circuits, totaling 25,000 amps. through a space 11 ft. 
x 2 ft. nearest the ceiling. All the positive bars are 
segregated from the negative bars with a minimum 
spacing of 30” and there is head room under the 
safety screen for a person of average height. 





- Absorption of By-Product Power 


By A. HOEFLE* and W. T. WOODMANCY?# 


GENERAL 


Complete and economic utilization of by-products 
is an end much to be desired in modern industry. 
Studies that have been made with reference to such 
an end have frequently revealed promising oppor- 
tunities for co-operation between manufacturing 
plants and electric utilities. Some combined arrange- 
ment will often prove out to be an economic benefit 
to both parties. These opportunities may arise in 
situations of which the following are two outstand- 
ing examples: 

* Engineer, The Toledo Edison Co., Toledo, Ohio. 

* Superintendent of Power, Interlake Iron Corporation, 
Toledo, Ohio. 





(1) A manufacturing plant uses large amounts 
of process steam. Whether live steam is used or the 
exhaust from a private generating plant, the overall 
economies leave much to be desired. In the first 
case, none of the power possibilities of the live 
steam are utilized. In the case of exhaust steam, 
it would be a rare plant indeed whose steam and 
power needs were balanced as to quantity and time 
of occurrence. The result again is not always satis- 
factory operation. 

(2) A manufacturing plant produces quantities 
of energy containing by-products far in excess of its 
own power requirements. No incentive exists for 
efficient operation of the generating plant and many 
wastes will occur. . 
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In both of the above examples as well as in 
others that could be mentioned, there are advan- 
tageous opportunities for co-ordinating the efforts 
of industry and utilities. Whatever form this takes, 
it must be based on a thorough understanding and 
appreciation of each others problems. 

The basic idea in the co-ordination schemes lies 
in the construction of efficient stations that will 
operate at a good load factor by feeding into the 
utilities’ systems whenever the manufacturers’ de- 
mands for steam or by-product power drops off. 
Several methods of accomplishing the actual co- 
ordination may be mentioned: 

(1) Use of excess energy containing by-products 
in the utility’s plant. This plan depends on the 
reasonable proximity of the source of the by-products 
and the central station’s plant. 

(2) Sale of exhaust process steam to a manu- 
facturing establishment and supplied by a central 
station’s generating plant. This also requires that 
the plants be reasonably close together. 

(3) Transfer of excess power of a manufacturer's 
generating plant to the utility system. This resem- 
bles the usual interconnection of power plants. 

(4) A joint plant arrangement in which manu- 
facturer and utility own and operate a generating 
station and share the fixed and variable costs in 
proportion to benefits derived. 

These and other plans will suggest themselves 
whenever an analysis is made of possibilities of in- 
dustrial waste elimination. The Deepwater Plant 
in New Jersey is an excellent example in which two 
utilities (American Gas & Electric Co. and the 
United Gas Improvement Co.) have a joint plant 
agreement between themselves and with an indus- 
trial organization (E. I. du Pont de Nemours & Co.) 
The remainder of this paper will describe another 
example of a somewhat different arrangement but 
attaining similar overall economic benefits. 


A TOLEDO EXAMPLE 

The Toledo plant of the Interlake Iron Corpora- 
tion consists of two blast furnaces, coke ovens and 
the usual auxiliaries. Pig iron for domestic sale is 
the primary product as the plant does not include 
either an open hearth furnace or rolling mill. The 
by-products of this plant are large and numerous 
and its power requirements are relatively small. Tar, 
coke, coke oven gas, and blast furnace gas are the 
by-products capable of being used for power genera- 
tion. It has been proven economically unsound to 
use any of these by-products as fuel in competition 
with present day cheap coal for power generation 
if any other market is reasonably available for them. 
Ordinarily there is a market available for all these 
by-products except blast furnace gas and coke breeze. 
These latter fuels are used in most steel plants for 
power generation but even then there is an excess 
that cannot be used and is therefore wasted. That 
was the situation at the Toledo furnace plant a few 
years ago. The blast furnace gas and coke breeze 
were burned very inefficiently to produce plant power 
and a very great deal was wasted. 

With the end in view of securing more complete 
utilization of by-products, arrangements were made 
in 1924 with The Toledo Edison Co. for disposing 
of excess power. A modern generating station was 
built by the furnace company, the steam production 








portion of which was arranged for maintaining steam 
output using either blast furnace gas or coke breeze. 
This latter feature was required if any degree ot 
control of load output was desirable. Storage of 
the blast furnace gas was considered impracticable 
as long as the more easily stored and otherwise 
valueless coke breeze could be fired. The plant 
today consumes all of the blast furnace gas as pro 
duced and utilizes the coke breeze to take up the 
fluctuations in gas supply. 

On the part of The Toledo Edison Company, the 
interconnection seemed desirable because it would 
have several beneficial results among which are the 
following: 

(1) An economical source of power due to the 
utilization of otherwise waste products. 

2) Diversity of supply making it possible to 
reduce spare generating capacity on the Toledo Edi 
son Company system. This benefit became a reality 
when the furnace plant’s output went to a firm power 
output. 

(3) Sets up a good all around economic condi- 
tion. In this case, the sale of excess by-product 
power reflects in the improved ability of the iron 
company to maintain operation in the face of adverse 
business conditions. This results in an overall im 
provement to the community which cannot fail to 
react favorably to everyone, including the utility. 

PHYSICAL DESCRIPTION 

The Toledo Edison Company serves the city of 
Toledo, Ohio, and an extensive area in the north- 
western portion of the state. The backbone of the 
transmission network is a steel tower belt line en- 
tirely encircling the city. The principal generating 
source is steam driven Acme Station with a capac- 
ity of 126,000 kva. and located inside the belt line 








ACME STATION 


























FIG. 1 
(See Fig. 1). Substations and interconnections with 
other companies are made to the belt line as re- 
quired. Primary transmission is at 69,000 volts, three 
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phase, sixty cycle. The greater part of the system 
load is within a few miles of Toledo, so it may be 
seen that no long distance transmission problems 
are involved. 
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FIG. 2 


The blast furnace plant of the Interlake Iron 
Corporation is located on the Maumee River about 
one mile from Acme Station and is also inside the 
69,000 volt belt line. The two blast furnaces have 
a combined daily capacity of 1500 tons of iron and 
incidentally produce eight million cubic feet of blast 
furnace gas per hour. The principal combustible 
constituent of this gas is carbon monoxide, (about 
25% by volume) and its heat value is in the neigh- 
borhood of 85 B.T.U. per cubic foot. Two things 
discourage the storage of the gas in holders or its 
transportation over any considerable distance; these 
are: 

(a) The enormous volumes of the gas that have 

to be handled in relation to its heat content. 

(b) The fact that very little air is required to 

produce a highly explosive mixture. 

The result is that the gas must be used in close 
proximity to the point of production. At the Toledo 
plant, 30% of the blast furnace gas is consumed in 
the preheating air stoves that serve the blast fur- 


naces. The remaining 70% is available for power 


generation. 

The coke ovens produce the coke required in the 
blast furnaces, about 1350 tons per day, and eleven 
million cubic feet of coke oven gas which is sold 
to a gas distributing company. In the ordinary 
handling of coke about the plant, there is produced 


a quantity of fine coke particles that has little use 
or sales value unless it can be burned. About 4% 
of the total coke produced results in this material, 
which is known as coke breeze. 

The steam generating equipment consists of five 
boilers totaling 9800 HP. Three of these are 2200 
HP. each and are equipped with pressure type burn 
ers for burning blast furnace gas. In these burners 
the air is under pressure and carefully controlled. 
This is necessary in order to secure the best burning 
mixture for the low B.T.U. gas. The other two 
boilers are 1600 HP. each and equipped with chain 
grates for firing the coke breeze. Steam pressure is 
2504 gauge with 125° superheat. 

Generating equipment consists of two 12,500 kva. 
turbo generators, the output of which is stepped up 
to transmission voltage of 69,000 volts at an out- 
door substation located on the furnace plant’s prem- 
ises. Two banks of transformers are used having a 
capacity of 10,000 kva. each. Metering is at trans- 
mission voltage. An aerial line about one-half mile 
in length completes the interconnection with The 
Toledo Edison belt line. 

THE TOLEDO EDISON Co. 
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FIG. 3 
OPERATION 


For the first year and a half of the connection, 
the furnace plant’s output was on a dump power 
basis. The inherent lack of reliability that a dump 
power arrangement incurred was not entirely satis- 
factory to either party. The furnace plant secured 
only partial utilization of its by-products and the 
utility failed to realize on operation economies that 
diversity of firm power supply makes possible. At 
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the end of this period an extension of the generating 
equipment at the furnace plant made it possible to 
enter into a firm power agreement that has worked 
successfully. The block of power to be taken was 
set at a fixed amount for each hour of the week and 
is mutually suitable to the operating conditions of 
the two companies. Reference to Figures 2, 3 and 4 
shows the relation of the excess by-product power 
absorbed by The Toledo Edison Company to the 
total load of its system. 

The furnace plant’s generating station is oper 
ated so that the average power factor of the energy 
supplied to The Toledo Edison Company will be 
equal to the average power factor of the Edison 
Company’s system. The average power factor of 
the Edison Company’s system is taken to be 85%. 
A power factor correction factor is employed in bill- 
ing the cost of power absorbed so that variations 
from the average will be taken into account. 

The agreement between the two companies also 
provides that the Edison Company will supply the 
furnace plant with power in the event the latter’s 
plant is unable to do so. This has proven a benefit 
on several occasions. An interesting result of the 
interconnection has been to steady the furnace plant’s 
bus voltage. Before the parallel was made, the bus 
voltage at the furnace plant was inclined to fluctuate 
considerably due to the heavy starting currents of 
plant apparatus. The interconnection with the large 
utility’s transmission network has practically elimi- 
nated this annoyance. 

After over five years experience with this inter 
connection, the two parties concerned are able to 
report very satisfactory operation. No unusual prob- 
lems have arisen that are due to the interconnection. 
Complete co-operation exists between the operators 





of the two systems in the routine day to day main 
tenance and switching requirements that arise. 
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Interconnection between the Duquesne Light 
Company and the Davison Coke and Iron 
Company 


By G. E. DIGNAN? and R. L. KIRK* 


The Davison Coke & Jron Company, engaged in 
the manufacture of coke, iron, and cement, is located 
in Pittsburgh on Neville Island in the Ohio River, 
about five miles down stream from the junction of 
the Allegheny and Monongahela Rivers. Because 
of the availability of excess blast furnace gas and oi 
waste heat it was only logical for this company to 
install their own generating facilities. However, 
operating conditions were such that during certain 
periods it would be impossible to secure sufficient 
blast furnace gas to generate all of their electrical 
requirements. This meant that it would be neces- 
sary for them to install some coal fired boilers in 


* Assistant to the System Development Manager, Du- 
quesne Light Company, Pittsburgh, Pa. 
+ Chief Engineer, Davison Coke & Iron Co., Pittsburgh, 


Pa. 


order to be sure of sufficient steam to operate their 
turbines continuously at the necessary capacity. 
Furthermore, if absolute continuity of service was 
desired, it would be necessary for the Coke & Iron 
Company to install a spare turbo generator. Even 
if their maximum demand of 7,000 kw. was handled 
by two 5,000 kw. machines and they could curtail 
operations to the extent of 2,000 kw. of load in case 
of failure of one turbo generator, it would still mean 
that under normal conditions the generators would 
only be partially loaded and would therefore not be 
worked to the fullest advantage. This’ meant that 
in order to provide the best operating conditions it 
would be necessary for the Coke & Iron Company to 
spend considerable capital for standby capacity. 
On the other hand there would be periods when 
certain processes would not be in full operation, dur- 
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ing which the Coke & Iron Company would have 
available surplus energy which, if not utilized, would 
result in the waste of the blast furnace gas. There- 
fore, the ideal solution of the problem was an inter- 
connection with the Duquesne Light Company sys- 
tem. This would enable surplus energy to be de- 
livered when available, to the Light Company sys- 
tem, from which system emergency energy could be 
secured when needed by the Coke & Iron Company. 
This arrangement would not only save a considerable 
capital investment by the Coke & Iron Company, 
some of which, however, would be offset by the cost 
of the interconnection, but would supply the Du- 
quesne Light Company with dump energy at a 
reasonable price, and at the same time connect to 
their system a new customer capable of taking large 
quantities of energy from time to time. Further- 
more, this arrangement would conserve energy which 
might otherwise be lost. 

It therefore became a matter of economics to 
determine the value of dump energy to the Light 
Company and of emergency energy to the Coke & 
Iron Company, the cost of which would enable both 
companies to profit by the transaction. In arriving 
at the value of the energy to the Light Company it 
was recognized that inasmuch as the quantity and 
time of delivery of the energy were uncertain and 
entirely in the hands of the Coke & Iron Company, 
it could not be considered firm power by the Light 
Company. That is, it could not be used to supplant 
generating capacity of the Light Company, and 
therefore the value of the energy could only be 
based on the generating cost and not on the total 
cost, which includes fixed charges on equipment. In 











FIG. 1—General View of Substation showing Power Plant 
in Rear 


other words, the value of the energy to the Light 
Company could only be based on the increment cost 
of generation, and not on the average cost. Upon 
careful analysis of operating costs over a long period 
of time the Light Company was able to arrive at its 
increment cost for the estimated quantities of dump 
energy to be received. This increment cost con- 
sisted mostly of fuel costs, with some little main- 
tenance, 

The cost of the dump energy to the Coke & Iron 
Company was also based on increment cost because 
no additional equipment was installed for the inter- 
connection, power being delivered to the Light Com- 


pany when not required by the Coke & Iron Com- 
pany, and therefore the fixed charges could not be 
charged to the cost of this surplus energy. As their 
fuel costs were practically nothing, the increment 
cost was made up mostly of maintenance and some 
operating expense. 

In arriving at a satisfactory rate, the Light Com- 
pany recognized the desirability of the interconnec- 
tion which would provide a customer with a rather 
large potential demand, and accordingly agreed to 





= 








FIG. 2—View of Turbine Floor of Power Plant. 


purchase the dump energy at a figure very close to 
their own increment cost. At the same time this 
interconnection will make possible the staggering of 
additional generating facilities on the two systems 
in the future, which should be financially attractive 
to both companies. 
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FIG. 3—Single line diagram showing that both incoming 
lines from the Light Company feed through suitable oil 
circuit breakers into the substation primary bus. 
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The contract covering 
Coke & Iron Company was based on the Light Com- 
pany’s standard wholesale rates, which included a 
demand and energy charge. The demand charge in 
this case was entirely logical, inasmuch as the Light 
Company stands ready at any time to supply any 
or all the Coke & Iron Company’s requirements, and 
therefore must hold in reserve generating facilities 
for this purpose, while the dump energy is delivered 
to the Light Company on the when, as, and if basis. 

On the above basis a contract was entered into 
which sets up definite rules and regulations by which 
the operation of the interconnection shall be gov- 
erned. In addition to the usual contract clauses 
defining requirements and describing the necessary 
installation, the contract states that the adjustment 
of voltage and power factor within the limits of the 
equipment shall be under the control of the system 
operator of the Light Company, and that the Coke 
& Iron Company, insofar as possible, shall furnish 
the Light Company one week in advance a schedule 
of the approximate kilowatt hours of energy it ex- 
pects to deliver to the Light Company each day 
during the following week. 

The substation which forms the interconnection 
is of the outdoor type, known as a customer’s loop 
substation, and is looped on what is known as the 
Brunot Island-Sewickley 22 kv. transmission line. 
One end of this circuit is fed directly from the 
Brunot Island Power Plant of the Light Company, 
and the other end from the company’s Sewickley 
Substation through several other customer’s loop 
stations on Neville Island. The single line diagram 
shows that both incoming lines from the Light Com- 
pany feed through suitable oil circuit breakers into 
the substation primary bus. This bus is connected 
through oil circuit breakers to the primary side of 
two banks of transformers, each rated at 3750 Kva., 
22,000/2200 volts, which transformers either step up 
or step down the voltage, depending upon whether 
or not power is deliv ered or received by the Coke 
& Iron Company. The secondaries of both banks 
of transformers are connected directly to the power 
plant bus in the power house. The unit type of bus 
structure is used for each bank of transformers and 
also for the substation’s 22 Ky. bus. 

A metering and control house is located at one 
side of the substation. In it are the metering and 


relay panels which operate the Light Company’s 
equipment. The metering panel consists of three 
parts. The first one has two graphic meters, one of 


and records incoming and out- 
meter records the 


which is zero center 
going kilowatts, and the other 





service delivered to the 


The second metering panel 


outgoing power-factor. 
each 


contains two kilowatt hour meters in 
with 15 minute interval demand attachment, one of 
these being a check meter, and a third meter which 
records reactive kilovolt ampere hours. The third 
panel, metering current delivered from the Coke & 
Iron Company to the Light Company, contains two 
kilowatt hour meters ratcheted to record outgoing 
power, one of these being a check meter. 


series, 


When it is necessary to remove the incoming 
line breakers from service for maintenance or in- 
spection, the breakers are automatically tripped from 
the control house adjacent to the substation through 
relays energized by a 24-volt battery. These breakers 
may also be electrically operated from the Coke & 
Iron Company’s switchboard in their power plant 
through their own control switches energized by the 
Coke & Iron Company’s 125-volt battery. All other 
breaker operations, however, are performed from the 
Coke & Iron Company’s switchboard located in the 
power house. In the event of a high tension fault 
within the substation, these relays will open all four 
primary breakers—the Light Company’s incoming 
breakers and the two between the station bus and 
the transformer banks—thereby de-energizing the 22 
Kv. station bus. 

The secondary leads from the two banks of trans- 
formers run directly to the power house switchboard 
bus which can be fed from either or both of these 
transformer banks. The two steam turbo generators, 
each of 6250 Kva. capacity, are connected to the 
power house bus through suitable oil circuit break- 
ers, and each generator has its neutral grounded 
through a 900 ampere resistor. These generators 
are normally in operation and tied into the bus along 
with one bank of transformers. Power is either de- 
livered or received depending upon the plant load 
and the available fuel supply. The interchange of 
energy is maintained up to the full capacity of one 
bank of transformers with periodical reports being 
made by the Coke & Iron Company operators to the 
system operators of the Light Company. In case it 
should be necessary to use the second bank of trans- 
formers due to limited generating capacity and heavy 
plant loads, the system operator of the Light Com- 
pany is notified and arrangements are made to cut 
in the second bank of transformers. However, due 
to the fact that some time must elapse before this 
additional capacity can be cut in on the Light Com- 
pany’s lines, relays are provided by the Coke & Iron 
Company which automatically cut out certain of the 


plant motors classified as non-essential when the 
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plant load taken from the Light Company’s lines 
exceeds 3750 Kva., the capacity of one bank of trans- 
formers. Likewise, in case the excess power avail- 
able from the Coke & Iron Company’s generators 
exceeds the capacity of a single bank in the sub- 
station, the Coke & Iron Company operators notify 
the Light Company, and similar arrangements are 
then made to take care of this excess dump energy. 
Very close co-operation is necessary and is main- 
tained between the operators of the Coke & Iron 
Company’s plant and the system operators of the 
Light Company. ‘The procedure which is followed 
is very similar to that one used by the Light Com- 
pany’s own station operators and the system oper- 
ator. During periods of considerable load fluctuation 
hourly reports are made by the Coke & Iron Com- 
pany’s operators to the system operators of the 
Light Company. Readings of all meters located in 
the meter and control house are taken and reported 
to the system operators every 24 hours. Also once 
each week the Coke & Iron Company furnishes to 
the Light Company the approximate kilowatt hours 
to be delivered to the Light Company during the 
following week. 

Steam for the turbo generators is generated in 
two boiler houses, one consisting of two waste heat 
boilers located at the end of the cement kiln and 
the other containing six 860 HP. boilers, equipped 
to burn gas from either the blast furnace or the 
coke ovens, and one boiler at 860 HP. rating, with 
a chain grate stoker for burning coke screenings. 
The steam generated by the waste heat from the 
cement kiln is sufficient for about 90% of the elec- 
trical power required by the cement plant when in 
full operation. During the time that the furnace is 
in blast, fuel is available in an excess quantity for 
all plant requirements and this fuel is utilized when 
excess power is generated and delivered to the Light 
Company. At times when the furnace not in 
blast, coke oven gas is burned under the boilers end 


is 


sufficient of this gas can be had to carry the plant 
load in the event of failure of other sources of fuel. 

Graphic watt meter curves taken while the blast 
furnace was banked, with the consequent loss of 
fuel from this source, indicated the real value of the 
interchange to the Coke & Iron Company. These 
curves varied from plus to minus throughout the 
day, showing that at times power was taken from 
the Light Company, relieving some of the load on 
the plant generators when either the plant load in- 
creases or the fuel supply decreased. There were 
also times when power was delivered to the Light 
Company due to the plant load decreasing or the 
fuel supply increasing. 

During such times as power is being taken from 
the Light Company’s lines, the operator by care- 
fully watching the plant load, can reduce the non- 
essential loads and prevent the creating of a large 
demand. Since the interconnection was established, 
some minor changes in the operating schedule of 
several parts of the plant have been made. This has 
enabled the operators to control extreme fluctuations 
in the load and to prevent excess demands being 
created at the Coke & Iron Company’s plant. 

Continuity of service for a 700-ton blast furnace, 
1500-ton coke plant, a 3000-barrel cement plant and 
power for compressing the surplus coke oven gas 
which is discharged some 20 miles from the plant 
is of first importance. Services for operating such 
a plant must be maintained 24 hours a day. 

The interconnection between the Coke & Iron 
Company and the Light Company has proved itself 
to be of extreme value to the plant. This has been 
further demonstrated on_ several when 
some of the plant generating equipment had to be 
serviced, and also from the standpoint of additional 
investment which would have been necessary to pro- 
vide for standby steam and power generating equip- 
ment to take care of peak load conditions and the 
necessary overhaul and servicing of the equipment. 
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Electrically Heated Annealing Furnaces for the 
Steel and Other Industries 


By J. C. WOODSON * 


Annealing in general is not considered an elec- 
trical art. Most Electrical Engineers are, however, 
familiar with at least some annealing processes that 
form an indispensable part of the manufacture of 
electrical equipment, and the steady growth of an- 
nealing furnaces, electrically heated and controlled, 
makes this subject of increasing interest. 

The present day status of engineering develop- 
ment is a result largely of our knowledge of, and 
skill with, materials in general and metals in_par- 
ticular. The advancement of this knowledge and 
skill has been directly connected with the develop- 
ment of correct heat treatment of metals and alloys. 

These heat treatments form a long list, so that 
no attempt is made to cover them all in one short 


* Manager, Industrial Heating Engr. Dept., Westing- 


house Electric & Manufacturing Co., East Pittsburgh, Pa. 


paper, although practically all are good applications 


for electric furnaces. We will treat of annealing 
furnaces only. 
he term “Annealing” has been broadened out 


to cover a rather wide field of application such as 
“Full Annealing”, “Process Annealing”, “Normaliz- 
ing’, “Patenting”, “Spherodizing”, “Malleabilizing”, 
“Graphitizing”, etc. These different types or proc- 
esses of annealing follow no definite specifications 
but appear to differ with various manufacturers and 
with materials to be annealed. Therefore this paper 
will be confined to specific stated materials and heat 
treatments. 

For many years prior to the advent of scientific 
research into industry, steel manufacturers in gen- 
eral clung to the opinion and practice that heating 
metal to a red heat and cooling either in or out of 
the furnace constituted good and sufficient anneal, 
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without reference to grain structure, measured hard- 
ness, surface conditions or electrical properties. 

Within recent years certain industries, such as 
the electrical industry, wire manufacturers, strip and 
tube mills and the automotive industries, developed 
better and more reliable annealing practices. But the 
great bulk of raw metal from our large mills is, even 
today, still being either improperly annealed or is 
shipped to the user in the unannealed condition. The 
demands of large fabricating plants such as automo- 
bile plants and also the urge of close competition is 
bringing about a rather rapid, and in some ways 
remarkable, change in these conditions in that the 
large steel and metal mills are being compelled to 
produce at their plants, raw materials such as sheet, 
tubing, shapes, castings, etc., to meet definite and 
rigid specifications as to hardness, strength, grain 
size and structure, surface finish and condition. This 
trend is so pronounced and successful that it may 
be considered epochal in the metal industries, and 
within a very few years such will in all probability 
be universal practice. The user or fabricating plant 
will then be able to produce better and cheaper 
products than at present. Such refinements at the 
source of supply will increase with time, and repre- 
sent the real potential market of the future for better 
manufacturing methods and equipment. 

Since the late war great progress has been made 
in the development and application of electric resist- 
ance type furnaces to such trades as machine and 
machine tool builders, the automotive trade and the 
allied industries. These heat treating furnaces and 
machines are more or less familiar to all of us so 
will not be dwelt upon here. The improved anneal- 
ing and normalizing practices here developed in these 
industries are now being passed on to the steel mills, 
and these processes, in most instances, either require 
or are more suited for electrically heated furnaces. 
These furnaces, while not fundamentally new de- 
velopments, usually have to be designed specially 
for the application in question and a few representa 
tive installations will be studied in detail. 


Brass Annealing: 

The Brass Industry, one of the first to adopt 
electric melting, has not been so ready to accept 
electric annealing. There are perhaps not more than 
twenty-five or thirty electric installations for anneal- 
ing at present in the United States, and these are on 
more or less special applications. The present an- 
nealing practice is essentially that of a quarter of a 
century ago or even older, wood fires still being 
used in many places, although modern gas furnaces 
are also numerous. 

The annealing of brass sheet, shapes or parts is 
not a difficult operation. The permissible tempera- 
ture variation is usually rather wide, allowing the 
use of fuel fired furnaces for a great many applica- 
tions. It is also considered necessary by most oper- 
ators today to pickle after annealing, which allows 
of great variations in annealed surface conditions. 
Some operators still contend that better anneal and 
better surface is obtained with wood fires than any 
other form of heating. This, however, appears to be 
more a matter of opinion than fact. In view of the 


above conditions, gas, because of its relative cheap- 
ness, is still the favored means of heating except 
for special operations, or for high grade product 








that demands uniform temperature distribution and 
close control. 

Within the last two or three years progressive 
brass mills have been studying their heat treating 
practices. They recognize the advantages of electric 


heat but question the cost. To offset this and pro- 
vide a better product, it has been proposed to anneal 
in the electric furnace in an artificial atmosphere 
which will give the desired finish and surface condi- 
tion to the annealed work, thus eliminating scale, bad 
surface and the pickling and cleaning operations. 
There are now some six or seven such furnaces in 
several different brass plants in successful operation. 
Full cost data is not yet available but indications are 
that the overall annealing costs are lower than with 
former fuel fired equipment, and that the product is 
of higher grade. 

There have been a few such installations in Eu- 
rope, also and at least two furnaces annealing brass 
strip continuously in artificial atmospheres are in 
operation. These however, do not give the surface 
conditions obtainable in batch type furnaces. Fur- 
ther work along this line will no doubt remedy this 
deficiency. 

What is termed as “rough annealing” of brass 
is carried on at temperatures from 950 to 1350° F. de- 
pending upon the analysis of the work and the re- 
sults to be obtained. The permissible temperature 
variation is rather wide, being in the range of + 35 
to + 40° F. 

Finish anneal is usually at temperatures between 
1050 and 1300° F. with a rather close temperature 
variation of between + 5° to +15° F. The types 
of furnaces used are box, tunnel, pusher, walking 
beam, roller hearth, conveyor and elevator. The 
economies to be expected are 18 to 26 pounds per 
K.\W. hour and a survey of several plants indicate 
actual money savings of 75c to $2.50 per ton over the 
fuel fired equipment. Such savings on large tonnages 
results in returns on the investment as high as 50% 
per annum besides producing better products. 


Copper 

Annealing of copper in electric furnaces has been 
more or less common practice for a number of years. 
The types usually used are the box, conveyor and 
Kenworthy. This material is particularly well suited 
to electric furnace operation and the advantages 
are numerous. <A steam atmosphere with water seals 
is generally used to prevent oxidation and scaling. 

A few furnaces are now in operation using other 
gases with success. Some of these appear to be an 
improvement over steam and water as all tarnish and 
water stain is prevented. Copper is annealed at 
temperatures between 600 and 1200° F. and requires 
close temperature control and distribution. The vari 
ation should not exceed + 10° to + 15° F. Costs 
on copper annealing electrically do not appear to be 
so important as quality of product, as definite sur 
face conditions must be obtained. This alone more 
than justifies electric furnaces in several plants in 
vestigated; in others reported cost savings are from 
0c to $1.50 per ton over fuel fired furnaces. The 
economies obtained are from 20 to 30 pounds per 
K.W. hour. The material treated is usually sheet, 
strip, wire or tubing. The latter presents some 
difficulties as the interior of the tube must also 
be bright annealed and this necessitates special 
furnace design and methods of operation. 
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Other non-ferrous alloys such as nickel, nickel- 
silver, nickel-chromium are being annealed today in 
electric furnaces, both with natural and _ artificial 
atmospheres, at substantial savings in overall cost, 
and in some cases the results can not be duplicated 
in combustion furnaces. Reports of cost reduction 
on these metals vary from $1.00 to $3.30 per ton. 
The types of furnaces used are generally the same 
as used for brass annealing. The temperatures em- 
ployed depend on the composition of the metal and 
results to be obtained. Control uniformity must be 


relatively close. 


Aluminum Annealing 

Sheet aluminum is annealed to relieve rolling 
strain and obtain the proper grain structure for 
drawing and forming. Aluminum castings are an- 
nealed to remove casting strains, refine the grain and 
improve machinability. The temperatures commonly 
employed range from 550 to 1000° F. Temperature 
control and uniformity must be very close, + 5° F. 
often being required. 

Another strict requirement of this metal is that 
the temperature gradient from heat source to work 
must be as small as possible to prevent over heating 
the extreme edges. Consequently special design and 
care of details is required. Under these conditions 
fuel fired furnaces are practically eliminated for 
aluminum annealing and electric furnaces are almost 
universally used. The types employed are box, pit, 
conveyor, car bottom and bell type. Oxidation of 
the metal during annealing is not so serious as with 
other non-ferrous metals and natural atmosphere is 
consequently used. The metal is soft however, and 
necessitates particular care to prevent scratching or 
marring of the surface. Great care must be exercised 
in the design of material handling equipment before 
and after the furnace as well as through the furnace 
proper to accomplish the desired result. 

For pack annealing of aluminum sheet the fur- 
nace most suitable has been the car type furnace. 
A relatively large number of such furnaces are in 
use in the United States and Canada for this appli- 
cation. Tests on several such furnaces indicate a 
temperature distribution as close as + 5° F. through- 
out the pack in some furnaces, and + 7° F. on 
others. The dispersion rate on the heating elements 
is quite low, running between 3 and 5 watts per 
square inch of element surface. This is necessary to 
protect the edges of the sheets from local overheat- 
ing. The doors of these furnaces are quite large, 
therefore they are motor operated and interlocked 
with the track raising mechanism so that the door 
can neither raise or lower unless the track is in the 
proper position. Besides the two control thermo- 
couples in these furnaces, there are also several 
couples located in each charge and other parts of 
the furnaces for indication of temperatures at all 
times during a heat. 

Electric furnaces are in operation for annealing 
aluminum structural shapes up to 90 feet long. 
Electric furnaces for annealing fabricated parts such 
as aluminum chairs, furniture, airplane parts, etc., 
require such close temperature distribution that cir- 
culating fans must be employed in the furnace 
chamber to be sure all parts are in an atmosphere of 
the same temperature. One such furnace is now 
under construction using 32 large fans in a single 


chamber. Such circulation of the air at low and 
medium temperatures also tends to speed up the 
heating cycle. 

An interesting large furnace is now being built 
ot the roller hearth type for heating aluminum billets 
between passes. This furnace is 63 feet long 25 
inches high and 85 inches wide inside. The overall 
length is 132’ including roll table and has 62 special 
alloy polished rolls forming the hearth. These rolls, 
as well as the doors, external roll tables, temperature 
controls and indicating lights are all controlled by 
one operator at a control desk so located at the side 
and elevated above the furnace that he can see all 
operations pertinent to the work. An unusual feature 
of the furnace is a special arrangement of indicating 
lights down the top of the furnace which indicate 
to the operator the exact location of all billets in the 
furnace at all times. At the operator’s desk are 
auxiliary indicating lamps which detect and indicate 
any failure of the main indicating lamps or their cir- 
cuits. Electrical interlocks are provided to prevent 
jamming the doors with billets, in or out of the 
furnace. Electrical interlocks are also provided to 
prevent operating adjacent rolls in opposite direc- 
tion at the same time. All rolls operate through 
electric magnetic clutches so that it is possible to 
disconnect or stop any of them at any time. All rolls 
are reversible. Accurate cost data is not available 
at present but tests indicate the economies to range 
from 10 to 20 pounds per K.W. hour depending on 
conditions. 

Annealing of Steel: 

The field of steel annealing is so diverse and so 
comprehensive that it would be impossible to cover 
all applications in this short paper, so reference will 
be made to a representative list only. 

Castings and Forgings: 

Iron, carbon steel and alloy steel castings are 
being annealed in electric furnaces more and more 
each year. The types of furnaces used are generally 
the car bottom, pusher or conveyor (for small parts) 
box type, elevator and bell type. 

The object of such heat treatment is generally 
ageing, relief of casting strains, improving machin- 
ability and securing proper grain structures. These 
results can be secured with such certainty, uniform- 
ity and regularity in the electric furnace that lower 
priced fuels are often ruled out in face of the appar- 
ently higher operating costs. 

A recent important step has been taken in the 
field of malleable castings. The older fuel fired 
process ordinarily consumed six to eight days with 
very low economy as the parts were packed in sand 
and scale in heavy cast boxes. By the modern 
process employing electrical furnaces, proper malle- 
abilizing is obtained in thirty to forty-eight hours 
and without the use of packing boxes or packing 
materials. Such advances as these are of true 
economic value to Industry and the Country as a 
whole. } : 

The economies for casting annealing runs from 
8 to 15 pounds per K.W. hour depending on the cycle 
employed, type of furnace etc. The temperatures 
range from 950° F. to 1650° F. for carbon steel and 
to 1950° F. for manganese steel. 

Likewise there is a rapidly growing demand for 
electric forging annealing equipment. In such indus- 
tries as the gear and axle plants, automobile plants, 
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ball bearing manufacturers, etc. such furnaces have 
been in use for several years past, and have fully 
demonstrated that the tangible advantages outweigh 
the higher fuel cost, and result in finished parts at 
lower overall cost than with fuel fired furnaces. The 
reduction in rejects and ease of machining often pay 
the entire power bill. Definite cost figures can only 
be given on specific applications as the heat treating 
cycle varies with each steel and almost every manu- 
facturer. Economies run from 10 to 18 pounds per 


K.W. hour. 
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FIG. 1. 





As the object of this paper is to describe and 
point out the characteristic advantages of electric 
furnace equipment some actual examples will be of 
interest. In this connection, tests were run within 
the last few months in the Pittsburgh District on 
a large car bottom, gas fire furnace for annealing 
steel castings at the Foundry. 

The furnace was of the latest and most modern 
type and represents much more than the average, 
so far as gas fired furnaces are concerned. The prod- 
uct was variable and unsatisfactory. Tests as run by 
the owners and operators themselves showed clearly 
the trouble. This data is shown in Figure 1. Re- 
peated attempts to correct this distribution has had 
but little effect so far. 

A second test of a modern gas fired furnace for 
annealing automobile crankshafts within the last 
few months is shown in Figure 2. This test was run 
by the Gas Company engineers in an effort to prove 
that their furnace would control within + 10°C. The 
chart tells its own story. both these tests, run on 
modern insulated gas fired furnaces by combustion 
engineers, undoubtedly show results far superior to 
those ordinarily obtained in every day practice with 
old obsolete furnaces and careless operators. Figure 
3 shows the results of tests on a pit type furnace 
electrically heated, which was one of several made 
for annealing wire and strip steel. This chart was 


selected because of the fact that uniform distribution 





in a vertical pit type furnace is very hard to obtain 
and this chart shows the possibilities of electrically 
heated equipment. No contention is made that all 
electric furnaces have perfect or even good distribu- 
tion, as this of course depends upon the design 
engineers’ skill and experience. With the proper de- 
sign, however, electric furnaces will show results im- 
possible to obtain otherwise. 

There have been published from time to time 
dissertations on this subject wherein the author 
stated the opinion that the source of heat was not 
important but that with correct furnace design any 
source was suitable. They may be right, but in 
view of the tests shown in Figures 1, 2, and 3 it is 
felt that “correct” furnace design with some fuels 
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and for some applications is practically unattainable. 
The author has personal knowledge of numerous 
applications of heat treatment that apparently can 
not be successfully accomplished by means other 
than electric heat. 

A great variation in furnace design has been 
followed to meet exacting conditions of different 
annealing cycles. For continuous operations, heavy 
walls of fire brick and insulation are used. For in- 
termittent cycles, light walls of semi-refractory bricks 
and insulation are used. 

Definite rates of cooling are obtained by means 
of cooling ducts or pipes through the chamber or 
charge. With “double anneals” the cooling rates are 
just as important as the heating rate. So far there 
has been no occasion to apply artificial atmospheres 
to electric furnaces for casting and forging annealing, 
though unquestionably such will come later to obtain 
some special results. 
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Structural and Fabricated Shapes 

More recent is the advent of electric annealing of 
structural shapes and large welded and _ fabricated 
parts. The steel mills are experimenting with such 
processes on rather large scales and even railroad 
rails are being annealed, both in Europe and the 
United States, to determine the advantages of heat 
treatment. Large welded shapes such as_ tanks, 
motor and generator frames, turbine parts, etc., are 
NOTE - THESE DIMENSIONS INDICATE LEVELS 
AT WHICH TEMPERATURES WERE MEASURED 
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now annealed to relieve welding stresses and produce 
the proper grain structure to give maximum strength 
and toughness. Furnaces for this practice are usual- 
ly of the car bottom type to facilitate loading and 
unloading, as the parts are quite heavy and require 
a crane for handling. Such a furnace is shown in 
Figure 4. ‘This furnace has heat on all sides 
including the door, thereby insuring . uniform 
heating to all parts of the charge simultaneously. 
Furnaces of this character have been built by one 
Company up to 65 feet inside length and 3000 K.W. 
installed capacity for annealing large still tanks. An- 
other Company recently installed an overhead con- 
veyor electric furnace for annealing and enamelling 
large pipe, having an installed capacity of over 
12,000 K.W. in one chamber. As the steel industry 
comes to the general heat treatment of shapes on 
large tonnage basis, such furnaces will be common 
rather than exceptions. Cost data on these large 
furnaces are not available but in all instances to the 
author’s knowledge, the users feel the results ob 
tained justify the investment. In some cases these 
results can not be secured any other wavy, regardless 
of cost. 
Wire, Strip and Sheet Annealing 

The annealing and heat treating of steel wire for 
bridges and similar applications has been, until recent 
years, done in either sealed boxes in fuel fired 
furnaces or fuel fired lead pots. One of the largest 








makers of this class of material has installed large 
electrically heated lead bath furnaces, and heat treats 
or “Patents” his wire continuously, ten or twelve 
strands running in parallel through the lead at once. 
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FIG. 4. 
Other heat treating operations such as_ hardening, 
quenching and drawing follow the same scheme. His 
product is much superior to that of former methods 
and the overall cost is less. Similar equipment 1s 
also used for narrow steel strip such as saw blade 
stock, measuring tape stock, etc. See Figure 5. 














FIG, 5. 


In the cold rolled steel industry, large tonnages 
of low carbon steel strip are annealed, usually in 
large cast iron boxes in coal or gas fired furnaces. 
The common practice generally shows approximately 
two ton of box, base and sand heated for each ton of 
steel heat treated. This is, naturally, rather poor 
economy and the product is none too good due to 
temperature variations and non-uniform heating and 
cooling. During the last three years the Westing- 
house Company has worked out designs of electric 
furnaces and processes which produce practically 
100% uniform and acceptable products, bright an 
nealed, and at actual cost savings of 75c¢ to $2.00 per 
ton over existing methods in the same mills. 

These electric furnaces are of the “Bell” type, 
and are designed to anneal cold rolled strip in the 
coils to obviate uncoiling and recoiling and also as 
a further assurance that the surface will not be 
scratched. Figure 6 shows a view of one such 
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furnace already built. The coils are stacked one 
on top of the other on the base as shown, and a 
sheet metal hood is then lowered over the charge. 
The loaded base which is mounted on wheels is pull 


ed by a motor operated car puller, into position under 


the furnace proper or “Bell.” This bell which is 
kept hot at all times is lowered over the charge in 
which position it fits snugly on the base. The outer 
edges of the furnace shell and hood dip into a liquid 
seal outside the furnace to prevent escape of the gas 
used as an artificial atmosphere under the hood. This 
gas is a treated, cheap, by-product gas such as blast 
furnace or coke oven gas and is passed through pipes 
in the bases over the charge continuously while heat 
ing and cooling to prevent surface oxidization. After 
a charge is up to temperature (1350° F. to 1600° F., 
depending on work) the furnace bell is raised and 
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FIG. 6 


the base, hood and charge are moved out on the 
track to cool and a fresh charge pulled under the 
bell. This operation requires but two or three min 
utes and effects great economy as the operation 1s 
practically continuous and the loss of heat from the 
bell is very small. A noteworthy feature of this 
design is the use of a center heating element that 
allows the interior of the coils to be heated at the 
same rate and at the same time as the exterior. This 
center heating element is so designed as to give 
vertical uniformity of heating effect and also to dis 
perse heat to the interior of the coil at the same heat 
density as the outside of the charge receives. Tests 
with a dozen thermocouples throughout the charge 
indicate the distribution to be as close as + 5° F. 
The average charge weighs 6000 pounds and _ the 
economy is from 11.5 to 13.5 pounds per K.\W. hour 
at 1350° F., depending on conditions. 

Actual test runs on both gas fired and electric 
furnaces extending over a period of several months 
indicates the following operating costs for the two 
methods. 

Cost per ton 
Electric Furnace 


Cost per ton Gas 
Fired Furnace 


Labor | 
Maintenance ; 3.05 1.45 
Miscellaneous} 
Fuel 2.15 1.40 


Total per ton » 5.20 2.85 








Saving Electric over 

Gas Furnace $2.35 

Such savings with companies making 300,000 to 
600,000 tons a year amounts to real money and will 
show-a return on the furnace investment of approxi- 
mately 200%. These savings do not include such 
items as “better working conditions,” “better prod 
uct,” “fewer rejects,” etc., but are actual operating 
costs. 

To the above figures should be added the cost of 
the reducing gas which also is less for the electric 
furnace, but since this cost will vary with the gas 
used, geographic location, product treated, etc., it 
will be disregarded here. The above figures are 
based on 550 B.T.U. city gas at 35c per M. and elec- 
tricity at .8c per K.W. hr. 

It was also found that the heat treating time was 
reduced from 72 hours per run to 35 hours, due 
mainly to the fact brought out above that with the 
gas furnaces the charge represented only one-third 
the total weight to be heated, whereas in the electric 
furnace the charge is over 75% of the gross weight. 

Similar furnaces have now been installed in two 
other large cold rolled mills. Recent 
production costs show the same ratios as given above 
and in each instance the quality of work produced 
was superior to the gas fired product and the rejects 
practically nil. 

A distinct advantage of the semi-continuous bell 
type of furnace installation is that, with a number of 
units, great flexibility can be secured to meet variable 
production schedules. By merely shutting down one 
furnace after another, with decrease in orders, maxi 
mum efficiency will be obtained as remaining furnaces 
will continue to operate at full capacity. This is not 
possible with one or two large continuous type 
furnaces that must operate very inefficiently at light 
or variable loads. 


checks on 


Pack annealing of large size high silicon sheet 
and punchings has now been developed to a rather 
fine degree. The most suitable furnace for such 
work is, beyond question, the large rectangular bell 
furnace as with several bases per furnace the oper 
ation can be practically continuous and economical. 

Such furnaces to a considerable number are now 
in operation in capacities up to 60,000 pounds per 
charge. 

Here also the rate of heating and rate of cooling 
are aS important in securing the proper magnetic 
qualities as uniform temperature distribution and 
automatic control. These furnaces can be used with 
or without artificial atmospheres. 


Bright Annealing in Artificial Atmospheres 

The increasing and incessant demand for better 
surfaces on annealed mill and fabricated metal has 
resulted in a great deal of experimental and research 
work being done on artificial atmospheres for fur 
naces to secure these results. On the cold rolled 
strip furnaces mentioned above, partially cracked and 
purified coke oven gas is being used with success. 
In another place, treated blast furnace gas is also 
used. Such atmospheres are really not “reducing,” 


“ 


that is, they do not reduce any scale or oxides which 
may be on the sheet before annealing but merely 
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prevent the formation of scale or oxide during the 
heating and cooling cycle. For mill anneals, this 1s 
usually all that is required to produce satisfactorily 
clean metal. However, on other grades of metal a 
higher finish is desired and different artificial atmos- 
pheres are necessary. The Westinghouse Company 
and others have done a great deal of research work 
along this line. The results, briefly, are that several 
related gases or combinations of gases can be used 
successfully for this purpose, such as dissociated 
ammonia, dissociated butane, dissociated natural or 
city gas (with or without water vapor), hydrogen 
and dissociated methanol or wood alcohol. ‘The 
order given is approximately the order of desirability 
from a cost and utilitarian standpoint, for the majority 
of bright annealing applications. Of course, the par- 
ticular results to be obtained, the cycle employed, the 
metal heated and local economies enter into the 
selection of such a gas. For instance, the blast fur- 
nace and coke oven gas mentioned in connection with 
bright anneal of low carbon cold rolled steel would 
not ordinarily be used on high carbon tool or roller 
bearing stock, but rather cracked butane, which, 
when properly controlled, can either add, subtract or 
hold constant the surface carbon content so impor- 
tant with such steel. For the non-ferrous metals, 
i.e., brass, copper, nickel, etc., other gases are re- 
quired, depending on the metal and results to be 
obtained. The use of such artificial furnace atmos- 
pheres has necessitated rather complete redesigning 
of furnace shells and structures as these gases are 
quite light and thin at high temperatures. As most 
of these gases are explosive, the technique of safely 
handling the equipment when hot has had to be 
developed. 

As annealing in artificial atmospheres is in its early 
development stages still, possibilities along this line 
are not known. However, certain surface conditions 
can be obtained that reduce the number of sub- 
sequent operations and greatly increase die life and 
reduce machine work. Recent investigations seem to 
indicate that, at least on some metals and alloys, the 
grain, size, and structure are affected by the atmos- 
phere during heat treatment. If these findings prove 
to be correct a great deal of development on arti- 
ficial atmospheres for this purpose alone may be 
expected. 

In addition to securing clean annealed surfaces 
otherwise unattainable, these artificial atmospheres 
are showing a possibility of reduced cost of product 
by reducing or eliminating the usual pickling, wash- 
ing and drying operations. 

Recent extensive tests on high grade tin plate 
stock in production lots demonstrates at least the 
possibility of going directly from the annealing fur- 
nace to the tin bath. Present results along this line 
are quite encouraging but further research work will 
undoubtedly be necessary to perfect such a process. 
The possibilities along this line, in the whole in- 
dustry, are very extensive. 

Bright annealing of the high chromium series 
such as 18 and 8 is also attracting considerable at- 
tention due to the rapidly increasing demand for this 
new metal. This steel cannot be annealed as simply, 
even in artificial atmospheres, as the carbon steel due 
to the fact that the rate of heating and especially 
the rate of cooling must be rapid and under constant 
control. The annealing temperatures are also rather 


high, being 1900 to 2000° F. For these steels, arti- 
ficial cooling is necessary. 


Future Trends 

It is always difficult and hazardous to attempt 
to predict what the future will bring in a rapidly 
expanding industry, so only a few of the present 
tendencies and possible developments will be enu- 
merated for what they may be worth: 

FIRST: A rather rapid and extensive expan- 
sion of electric annealing, bright and semi-bright 
to the wire, strip and sheet mills generally. It is 
believed that this will be necessary from an 
economic and competitive cost standpoint if from 
no other. These economies result from lower 
maintenance, lower operating costs, shorter cycles, 
better products, fewer subsequent operations, long 
tool and die life, fewer rejects and reruns, etc. 
These are actual tangible and measurable quanti- 
ties and need not be the subject of opinion or 
speculation. 

SECOND: The use of artificial furnace at- 
mospheres to secure special and better results 
will in all probability be more generally adopted 
throughout the steel and metal trade. Especially 
will the near future see it adopted in fabricating 
and manufacturing processes purely as an eco- 

- nomic measure to eliminate unnecessary opera- 
tions. 

THIRD: There will be developed more of 
the large continuous electric furnaces for sheet 
annealing and normalizing, and with artificial 
atmospheres. A great deal of engineering thought 
has already been put on this subject, but as yet 
a design generally suitable has not been evolved. 
One or two applications have been made of over- 
head conveyor furnaces such as those now used 
for vitreous enameling, but these are only partial- 
ly successful where bright anneal is considered. 
Successful small electric annealing furnaces for 
small parts are numerous now, but these de- 
signs cannot be extended to the sizes required for 
large tonnages of sheet and strip. 

FOURTH: There will be a rather extensive 
development and application of the principle of 
inductive heating to numerous heat treating 
processes now considered unsuitable. Among 
these, will be annealing and normalizing of sheet 
and strip, perhaps continuously and rapidly, such 
as between passes in the mill. Annealing of 


structural shapes and especially tubing by this, 


means is certain to come. Some work along this 
line has already been accomplished, with more 
to follow shortly. This work is still in its ex- 
perimental stage and is not yet ready for the 
market. A few years more may see this principle 
so developed as to be attractive for both high 
and low temperatures. 

It is unlikely that there will be much of a 
revival of the direct heating processes such as 
the “Snead Process” of passing current directly 
through wire, strip tubing, etc. While this 
method possesses attractive features, its applica- 
tion is fraught with control and practical diffi- 
culties of such character as to preclude its very 
general adoption as far as we can now determine. 
The future may of course eliminate some of these 
shortcomings and further develop the advantages. 
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Lubricants and Bearing Test Machine 


By E. S. GLAUCH* 


The testing of lubricants for heavy duty equip- 
ment such as found in Steel Mills has largely been 
done on the equipment which was to be lubricated. 

This method is very satisfactory at times while 
at other times has been found unsatisfactory and 
very expensive. This is especially true if the lubri- 
cant being tested fails and bearings are scored, re- 
quiring their removal, thereby causing a loss in 
production. 

To avoid the necessity of conducting such tests 
on production equipment, the writer felt it would 
be advisable to do this testing on some equipment 
or machine on which actual load and operating con- 
ditions could be duplicated. 

After investigating various testing machines on 
the market it was found none met the conditions 
such as encountered on heavy duty steel mill equip- 
ment. 


*Mechanical Engineer, Joseph Dixon Crucible Company, 
Jersey City, N. 


The writer designed a special machine which 
is shown in accompanying illustration. This par- 
ticular machine was designed so that a load up to 
37,300 pounds could be placed on the bearing on 
which either lubricant or bearing is being tested. 
This load would be equal to approximately 2,000 
pounds per square inch of bearing surface. Should 
heavier loads be desired machine could be designed 
to take care of any load required. 

Lubricant can be applied in the manner it would 
be, if used on production machine or mill. Speed can 
be varied and loads applied to suit. Water cooling 
is also provided. The various instruments such as 
pressure gauges, thermometers, tachometers, to- 
gether with graphic watt meter for obtaining re- 
sults all can be plainly noted in illustration. 


Tests made on this machine indicate which bear 
ings or lubricants tested are most suitable for condi- 
tions under which they are to be used in actual 
service. 
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CONTROL MANUFACTURER’S COMMITTEE 

MEETING 
(Continued from Page 104) 
locks, some being shown to the right and left of the 
contactors, and others below the contactor. The 
present method indicates the position of the inter- 
lock with respect to the mechanical attachment which 
operates it. 

The discussion next was on various relays in use 
today on mill control applications. No attempt was 
made to discuss any one type due to the many dif- 
ferent forms, such as normally open, normally closed, 
time delay, single and double coil relays. 

Various letters and numbers are used on con- 
tactors composing a control panel. For example, 
the General Electric Company use 1R, 1F, 2R and 
2F for reversing contactors and P, 1A, 2A, 3A for 
the plugging and three accelerating contactors re- 
spectively. Cutler Hammer uses 1F, 2F, 1B, 2B, 2R, 
3R, 4R, 5R for the reversing, plugging and accelerat- 
ing contactors. Westinghouse number their con- 
tactors while the Electric Controller and Manufac- 
turing Company use R, RR, F, FF for reversing 
contactors and 2R, 3R, 4R and 5R for accelerating 
contactors. Various lettering is also used on relays. 
The representatives present saw no reason why one 
set of symbols could not readily be used. 

Mr. Fleming stated he was a member of a stand- 
ardization committee of the National Electrical 
Manufacturers’ Association and at the present time 
was about ready to start work along the lines dis- 
cussed. A standard rating of contactor has already 
been worked out, but of course will not be effective 
until new lines of contactors are developed. 

Each one of the representatives did not express 
any objection to the plans for standardization work. 
Mr. Bowers and Mr. Kennedy stated it would enable 
them to more readily understand diagrams of com- 
petitors when being asked to quote on special equip- 
ment which one manufacturer already had in service. 

There was quite a discussion on the types of 
wiring diagrams used. The chairman claimed that 
very frequently the wiring diagram was too small. 
For office work where a diagram could be kept clean 
there wasn’t any objection to same, but in the field 
where the diagram became even slightly dirty same 
was very hard to trace, resulting in delay in getting 
the control equipment into operation due to mistakes 
and frequent attempts to get into communication 
with some one who was more familiar with diagrams. 
There was also a discussion on front and rear view 
diagrams. Practically all the companies with the 
exception of Cutler Hammer, furnish rear view dia- 
grams. There are good arguments for each type of 
diagram. ‘There was also a discussion on the ad- 
visability of placing elementary control and power 
schemes on the wiring diagrams. 

In conclusion, in view of the fact that the chair- 
man was the only operating man present, at the 
suggestion of Mr. Kelly it was decided to hold a 
meeting with some operating men in the near future, 
to determine just what they consider should be 
standardized. 

(Signed) H. H. ANGEL, Chairman, 
Control Symbol Standardization Committee. 





MINUTES OF STANDARDIZED SYMBOLS FOR 
CONTROL APPARATUS MEETING 
TUESDAY, JANUARY 13, 1931 
HOTEL STEVENS, CHICAGO, ILL. 

The following active members were present: 

J. J. Booth, Chairman, Superintendent Electrical 
Department, National Tube Company, Gary Works. 

A. Whitcombe, Assistant Electrical Engineer, 
Freyn Engineering Company, Chicago, III. 

F. Kittredge, Electrical Engineer, Illinois Steel 
Company, Joliet, III. 

John Wagner, Electrical Engineer, Acme Steel 
Company, Chicago, III. 

William Anderson, Ch. Electrician, Sellers Manu- 
facturing Company, Chicago, III. 

Frank A. Wiley, Electrical Engineer, Wisconsin 
Steel Company, South Chicago, III. 

H. E. Davis, Ch. Electrician, Interstate Iron and 
Steel Company, Chicago, III. 

Fred W. Acker, Assistant Ch. Electrician, Inland 
Steel Company, Indiana Harbor, Ind. 

P. J. McGrane, Ch. Electrical Department, Rail- 
way Steel Spring Company, Chicago Heights, II]. 

W. S. Hall, Superintendent of Engineering and 
Construction, Illinois Steel Company, S. Chicago, III. 

F. O. Schnure, Electrical Superintendent, Beth- 
lehem Steel Company, Sparrows Point, Md. 

J. F. Kelly, Managing Director, A. I. & S. E. E. 


The Minutes of Philadelphia Section meeting were 
read by the Chairman. After the reading of these 
Minutes, the meeting was turned over to a general 
discussion covering wiring diagrams and symbols 
for auxiliary control used in steel mills. 

Every individual present contributed in the way 
of suggestions and the following are the results of 
some two hours discussion. ‘These suggestions are 
tabulated in the order in which they were given and 
discussed at the meeting. 

All power lines should be shown much heavier 
than the manufacturers are showing them at the 
present time, in order that they can be distinguished 
from the control circuit. The wiring diagrams should 
be complete in every particular showing main and 
control circuits. In addition to the main wiring dia- 
gram, there should be a schematic diagram covering 
main power circuit and also schematic diagram show- 
ing control circuits. As stated above, the necessity 
of distinguishing between power and control lines 
was much emphasized. 

There was considerable discussion on the method 
of showing contactors, interlocks, on wiring diagrams, 
and whether interlocks should be shown on right or 
left hand side of the contactor, or bottom. It was 
decided that the preferable place for showing inter- 
locks was on the bottom of the switch, with a defi- 
nite standard symbol for indicating normally open or 
normally closed circuits. It was brought out very 
forcibly that manufacturers should agree on a defi- 
nite symbol for normally open or normally closed 
contactors, as it is very apparent that at the present 
time there is some discrepancy in the symbols 
adopted. 

It was also recommended that the manufacturers 
be more explicit in the symbols which indicate parts 
of contactors that are alive or current carrying parts, 
and those insulated and non-carrying parts. This 
particular point was the subject of considerable dis- 
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cussion, aS in many instances on present nomencla- 
ture it is hard to distinguish live from non-carrying 
parts, even though all wires are directed to the same 
point. It was also recommended that all diagrams 
be made up in rear view form. Some manufacturers 
at the present time make them front, others rear 
view. The common consensus of opinion was the 
rear view was preferable. 

It was also recommended that in so far as pos- 
sible, it is preferable for manufacturers to adopt the 
same scheme for indicating contactors and that in 
so doing a very definite distinguishing mark be made 
between normally open and normally closed con- 
tactors. Also there should be a common method 
adopted for showing the shunt coil, operating con- 
tactors. It was recommended that the back of the 
panel diagrams should follow the actual wiring on 
the board and that the lines on the diagram should 
be in so far as possible, in the same relative posi- 
tion as on the back of the board. The committee 
realized that wiring diagrams are first made up by 
the Engineering Department then the physical dimen- 
sions of the board are worked up. But it was the 
consensus of opinion that the two could be made to 
conform more readily than they do at the present 
time and make them much easier to follow. In many 
cases the one looking at the wiring diagram and the 
actual back of the controller panel would find it hard 
to recognize that they are supposed to be the same. 

It was also recommended that diagrams be made 





larger than at the present time as some manufac- 
turers make them very small and hard to read and 
distinguish between normally open, normally closed 


contactors, interlocks, etc. Also that the wiring dia- 
grams should not only carry general wiring diagrams, 
but power scheme, control scheme, resistance dia- 
grams and resistance value in tabulated form. It was 
felt by the committee that possibly the size of 
16” x 21” should be a little larger. 

In many instances in tracing both the main power 
lines and the control lines they are not properly 
marked, or in other words, too much is taken for 
granted, so far as general marking is concerned. It 
was deemed advisable and even necessary that the 
lines should be followed through conduit, piping, 
wiring to switches, etc., and marked at each and 
every junction in order that anyone reading diagram 
could follow the individuai line from source to ter- 
minals. It was also recommended that location of 
terminal boards should be in so far as_ possible, 
standardized by all companies. This would enable 
the purchaser to bring up his conduit at approxi- 
mately the right location when he is working from 
the dimension diagram of the panel. It was felt by 
all concerned that if these suggestions in a measure 
could be carried out and adopted by all manufac- 
turers it would not only be of material assistance to 
the manufacturers, but of untold assistance to the 


operating men in the field. 


Index of Proceedings of the A. I. GS. E. E. and 
lron & Steel Engineer for Year 1930 


The following index for the year 1930 of the activities of the A. 


h& S. E. E. 


has been 


compiled for the purpose of providing for the engineers of the [ron & Steel Industry a yearly 
reference and guide of electrical, mechanical, combustion, lubrication and safety practices. 


The index is catalogued as follows: 1st. 
Iron & Steel Industry. 2nd. 
& Steel Industry. 


Authors, who represent the leading engineers of the 
Subjects of Papers that cover practically all engineering in the Iron 


c 


A careful analysis of this index will lead to the conclusion that the A. I. & S. E. E. has 


performed a highly specialized engineering service of lasting and inestimable value to the lron & 


Steel Industry. 
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Booth, J. J., Report on Questionnaire Covering Organiza- 
tion, Maintenance and Operation of an Electrical De- 
partment in a Modern Steel Mill. August, 405. Specifi- 
cations and Guide Forms. January, 10. 

Bradley, M. J., The Automatic Reversing of Open Hearth 
Furnaces by the Temperature Difference Method. Octo- 
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Cupola Blowing. December, 559. 


D 
deFries, Walter, Hot Metal Handling. June, XXXVI. 
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Murray, J. S., Electricity and Industrial Safety Problems. 
September, III. 
O 
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Treatment. March, 118. 
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Simpson, R. W., Automatic Combustion Control for Open 
Hearth Furnaces. October, 485. 

Spitzglass, J. M., Flow Measurements in Connection with 
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Stansel, N. R., Electrical Apparatus for Coreless Induction 
Furnace. November, 519. 
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Thompson, C. M., Molybdenum Wound Hydrogen Furnaces 
for Copper Brazing. September, 471. 


V 
Voss, J. A., Should Colleges and Univerities Create a 
Safety Engineering Course. June, 266. 
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Waldorf, F., Tapered Roller Bearings and Their Applicabil- 
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sumption Tests on the Timken Steel and Tube Com- 
pany’s Blooming and Bar Mills. September, 442. 
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Williams, W. H., Developments in Control. May, 234. 

Wright, D. C., Safety Limit Stops for Hoists. April, 182. 
Recent Developments in Dynamic ‘Braking Lowering. 
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Alternating Current and Direct Current Motors for Auxil- 
iary Drives—A Comparison—By Gordon Fox. October, 
505. 

Alternating Current Speed Sets. January, 69. 

Aluminum, Copper, Brass and Non-Ferrous Mill Drives 
January, 60. 

Analysis—Rolling Mill—By E. Kieft. June, 258. 

Annealing Furnace—The Electric—By James _ Kniveton. 
March, 135. 

Anti-Friction Bearings in the Iron and Steel Industry—A 
Review of the Proceedings of A. I. & S. E. E. in Con- 
nection with the Development of. January 12. 

Apparatus for the Coreless Induction Furnace—Electrical— 
By N. R. Stansel. November, 519. 

Application of Ball and Roller Bearings to General Pur- 
pose Motors—Flexibility and Design in the—By J. L. 
Brown. August, 416. 

Application of Electric Drives to Rolling Mills in 1929— 
3y J. D. Wright. January, 23. 

Application of the Electric Motor to the Production of 
Cast Iron Pipe—By Geo. Pfeffer. December, 584. 

Applying the Principles of Steel Mill Practice to Arc Weld- 
ing—By J. B. Austin. June, 319. 

Arc Weld Cranes—Why—By H. T. Florence. August, 421. 
September, 442. 

Arc Welding—Applying the Principles of Steel Mill Prac- 
tice to—By J. B. Austin. June, 319. 

Arc Welding—Recent Developments in—By K. L. 
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Automatic Combustion Control for Open Hearth Furnaces 
By R. W. Simpson. October, 485. 
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By Maurice Reswick. October, 503. 
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Temperature Difference Method—By M. J. Bradley and 
J. W. Kinnear, Jr. October, 481. 

Auxiliary Control Specification Guide Forms—A. I. & S. E 
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Auxiliary Drives—A Comparison of Alternating Current 
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Ball and Roller Bearings to General Purpose Motors— 
Flexibility of Design in the Application of—By J. L. 
Brown. August, 416. 
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Tube Company’s Blooming and—By Fred Waldorf 
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By Geo. E. Rose and F. M. Washburn. July, 3%. 

Blooming and Bar Mills—Power Consumption Tests on 
Timken Steel and Tube Company’s—By Fred Waldorf 
September, 442. 

Blooming Mill Drives. January, 48. 

Blowing—Constant Air Weight Method of Cupola—By H 
V. Crawford. December, 559. 

sraking Lowering—Recent Developments in Dynamic—By 
D. C. Wright. February, 91. 

Brass and Non-Ferrous Mill Drives—Aluminum, Copper 
January, 60. 

srazing—Molybdenum Wound Hydrogen Furnaces for 
Copper—By C. M. Thompson. September, 471. 

By-Products of Safety—By John A. Oartel. June, XIII. 





Cc 

Cast Iron Pipe—Application of the Electric Motor to the 
Production of—By Geo. Pfeffer. December, 584. 
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Course—Should—By J. A. Voss. June, 266 

Combustion Control for Open Hearth Furnaces—Automatic 
—By R. W. Simpson. October, 485. 

Combustion—Developments in the Field of—By H. V. 
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Combustion—Economical—By W. P. Chandler, Jr., June, 
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J. Conway. March, 148. 
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Cranes—Why Arc Weld—By H. T. Florence. August, 421. 

Create a Safety Engineering Course—Should Colleges and 
Universities—By J. A. Voss. June, 266. 

Cupola Blowing—Constant Air Weight Method of—By H. 
V. Crawford. December, 559. 
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Description of Equipment Installed at Great Lakes Steel 
Corp.—By J. C. Clauss. December, 570. 

Design in the Application of Ball and Roller Bearings to 
General Purpose Motors—Flexibility of—By J. L. Brown. 
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Design—Recent Developments in Industrial Furnace—By 
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Wright. February, 91. 
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Development in Industrial Furnace Design. October, 498. 
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Drives—to Rolling Mills—Application of Electric—By J. 
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Electrical Department in a Modern Steel Mill—Report on 
Questionnaire Covering Organization, Maintenance and 
Operation of an—By J. J. Booth. August, 405. 

Electrical Development at the Lackawanna Plant of the 
Bethlehem Steel Company—By F. D. Egan and J. F 
Oehler. June, 239. 

Electrical Developments in the Iron and Steel Industry— 
1929-30—Yearly Review—By Special Committee—W. H. 
Burr, Chairman. June, 271. 

Electrical Drives for Steel Plants—By A. F. 
uary, 20. 


Keynon. Jan- 


Electrical Engineering at Lehigh University—By J. W. 
3arker. May, 227. 

Electrical Equipment—Drying Out—By W. H. Burr. Au- 
gust, 420. 

Electrically Operated Crane Statistics—1929. January, 27. 

Electrical Systems—Interconnections of—By N. E. Funk. 
May, 226. 

Electric Annealing Furnace—By James Kniveton. 
135. 

Electric Drives to Rolling Mills—Application of—By J. D. 
Wright. January, 23. 

Electric Galvanizing—By R. M. Cherry. March, 129. 

Electric Heat—By Roger H. Bryant. June, XVII. 

Electric Heat Treatment—Tangible Advantages of—By 
Wirt S. Scott. March, 118. 

Electric Heating Conference—Association of Iron and Steel 
Electrical Engineers and Pennsylvania State College. 
March, 111. 

Electric Motor to the Production of Cast Iron Pipe—Ap- 
plication of the—By Geo. Pfeffer. December, 584. 

Electric Overhead Traveling Crane—Questionnaire and An- 
swers. April, 164. 

Electric Overhead Traveling Crane Specifications—A. I. & 
S. E. E. November, 545. 

Electric Power in the Industrial Plant—Economical Control 
of Purchased—By R. F. Gale. November, 536. 

Electric Salt Bath Furnaces for Heat Treating—By A. E. 
Bellis. March, 141. 

Electric Welding of Heavy Materials—By John F. 
March, 126. 

Flectricity and Industrial Safety Problems—By J. S. Mur- 
ray. September, ITI. 

Electricity’s Contribution to the Iron and Steel Industry 
January, 29. 


March, 


Lincoln. 
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Electricity in the Development and Manufacture of Tool 
Steel—Uses of—By O. K. Parmiter. March, 122. 

‘lectrification in the Manufacturing Industry—Evolution of 
By F. H. Kittredge. June, XV. 

“lements of Lubrication Practice. December, 582. 

-mployee—Instructing the New—in Safety—By A. C. Ger- 
main. January, 11. 


| 


Employee—Instructing the New—in Safety—By H. G. Hen- 
sel. January, 11. 

Engineers, Economics and Economies—By F. F. Foss 
June, X. ’ ; 

Engineer and His Relation to National Progress—By Mar- 


tin J. Conway. March, III. 

<ngineering at Lehigh University—Electrical—By J. W 
Zarker. May, 227. 

“ngineering Course—Should Colleges and Universities Cre- 
ate a Safety—By J. A. Voss. June, 266. 

tngines for Steel Mill Transportation—Locomotives with 
Interna! Combustion—By A. H. Candee. September, 461 

<quipment—Drying Out Electrical—By W. H. Burr. Au- 
gust, 420. 

-quipment Installed at Great Lakes Steel Corp.—Descrip- 
tion of—By J. C. Clauss. December, 570. 


Equipment—Tapered Roller Bearings and Their Applicabil- 
ity to Steel Mill—By Fred Waldorf. February, 75. 

Everybody's Problem—Lubrication. August, III. 

Evolution of Electrification in the Manufacturing Industry 
—By F. H. Kittredge. June, XV. 

Expansion—High Spots in Iron and Steel Plant—Year 1929 


January, 74. 


F 

Features of Basic Open Hearth Construction—By Martin 
J. Conway. March, 148. 

Flexibility of Design in the Application of Ball and Roller 
searings to General Purpose Motors—By J. L. Brown. 
August, 416. 

Flow Measurement in Connection with Coke Oven Gas— 
By J. M. Spitzglass. May, 217. 

Forms—A. I. & S. E. E. Steel Mill Auxiliary Control 


Specification Guide. January, 1. 
Forms—Specifications and Guide—By J. J. Booth. Janu- 
ary, 10. 


Fuel Economy—Future Thoughts in—By J. D. Donovan 
June, XII. 

Fuel—By M. J. Conway. July, 368 

Fuels—Comparative Values of Steel Mill—By H. V. Flagg 
May, 203. 

Furnaces at Wisconsin Steel Works—Use of Mixed Gas 
(Blast Furnace and Coke Oven Gas) on Open Hearth— 
By Geo. E. Rose and F. M. Washburn. July, 394. 

Furnaces—Automatic Combustion Control for Open Hearth 
—By R. W. Simpson. October, 485. 

Furnaces By the Temperature Difference Method—Auto- 
matic Reversing of Open Hearth—By M. J. Bradley and 
J. W. Kinnear, Jr. October, 481. 

Furnace Control—Open Hearth—By M. Greenberg. Octo- 
ber, 487. 

Furnace Design—Recent Developments in Industrial—By 
G. R. McDermott. June, XXVIII. 

Furnace—Electric Annealing—By James Kniveton. 
135. 

Furnace—Electrical Apparatus for the Coreless Induction— 
By N. R. Stansel. November, 519. 

Furnaces for Copper, Brazing—Molybdenum Wound Hy- 
drogen—By C. M. Thompson. September, 471. 

Furnaces for Heat Treating—Electric Salt Bath—By A. F 
Bellis. March, 141. 

Furnaces of the Iron and Steel Industry—Machine Control 
of Combustion in Metallurgical—By J. F. Shadgen 
October, 490. ; 

Furnace—Operation of An Open Hearth—By Martin J 
Conway. May, 230. ; 

Future Thoughts in Fuel Economy—By J. D. 


June, XII. 


March, 


Donovan. 


G 
Galvanizing—Electric—By R. M. Cherry. March, 129. 
Gas—(Blast Furnace and Coke Oven Gas) on Open Hearth 
Furnaces at Wisconsin Steel Works—The Use of Mixed 
—By Geo. E. Rose and F. M. Washburn. July, 394. 


1aS—Flow Measurement in Connection with Coke Oven— 
By J. M. Spitzglass. May, 217. 


( 


Gearless Speed Reducers—By H. M. Edmunds. February, 
94. 

General Purpose Motors—Flexibility of Design in the Ap 
plication of Ball and Roller Bearings to—By J. L 
Brown. August, 416. 

Great Lakes Steel Corp.—Description of Equipment In 
stalled—By J. C. Clauss. December, 570 

Group Versus Individual Driven Rolling Mill Stands—By 
R. H. Ellis. August, 429. 

Guide Forms—A. I. & S. E. E.—Steel Mill Auxiliary Con- 
trol Specification, January, 1 

Guide Forms—Specifications and—By J. J. Booth. Janu- 
ary, 10. 

H 

Hammer-Mill at Central Alloy Steel Co. Improves Power 
Factor—Synchronous Motor Driving—By C. E. Buchan 
469. 

Handling—Hot Metal—By Walter deFries. June, XXXVI. 

Heat—Electric—By Roger H. Bryant. June, XVII. 

Heat Treating—Electric Salt Bath Furnaces for—By A. F 
Bellis. March, 141. 

Heat Treatment—The Tangible 
By Wirt S. Scott. March, 118. 

Heating Conference—Pennsylvania State College and A, I 
& S. E. E—Electric. March, 111 

Heavy Material—Electric Welding of—By John F 
March, 126. 

High Spots in Iron and Steel Plant 
1929. January, 74 





Advantages of Electric— 


Lincoln. 


KE xpansions—Y ear 


Hoists—Safety Limit Stops for—By D. C. Wright. April, 
182. 
Hoist Travel Limits on Overhead Cranes—By Walter 


Greenwood. April, 192. 

Hoop Mill Drives—Strip and. January, 53 

Hot Metal Handling—By Walter DeFries. June, XXXVI 

Hydrogen Furnaces for Copper Brazing — Molybdenum 
Wound—By C. M. Thompson. September, 471. 

I 

Improves Power Factor—Synchronous Motor Driving Ham- 
mer—Mill at Central Alloy Steel Co.—By C. E. Buchan 
September, 469. 

Individual Driven Rolling Mill Stands—Group Versus—By 
R. H. Ellis. August, 429. 

Induction Furnace—Electrical Apparatus for the Coreless— 
3y N. R. Stansel. November, 519. 

Industrial Furnace Design—Recent Developments in—By 
G. R. McDermott. June, XXVIT. 

Industrial Plant—Economical Control of Purchased Elec- 
trical Power in the—By R. F. Gale. November, 536 
Industrial Safety Problems—Electricity and—By J. S. Mur- 

ray. September, III 

Industry—Evolution of Electrification in the Manufacturing 
—By F. H. Kittredge. June, XV. 

Industry—A Review of the Proceedings of the A. I. & §S 
FE. E. in Connection with the Development of Anti- 
Friction Bearings in the Iron and Steel. January, 12. 

Industry—Electricity’s Contribution to the Iron and Steel. 
January, 29. 

Industry—Machine Control of Combustion in Metallurgical 
Furnaces of the Iron and Steel—By J. F. Shadgen. 
October, 490. 

Industry—Safety in—By I. Lamont Hughes. December, 566 

Industry—1929-30—Yearly Review of Electrical Develop- 
ments Iron and Steel—By W. H. Burr. June. 271 

Industry—Iron and Steel—Survey of—February, III. 

Interconnections of Electrical Systems—By N. E. Funk. 
May, 226. 

Internal Combustion Engines for Steel Mill Transportation 
—Locomotives With—By A. H. Candee. September, 461 

Inspection as an Aid to Crane Maintenance—Organized— 
By T. J. Flaherty. June, 268 

Installed at Great Lakes Steel Corp.—Description of Equip- 
ment—By J. C. Clauss. December, 570. 

Installation Costs—By G. W. Baumgarten. June XVIII 

Instructing the New Employee in Safety—By H. G. Hen 
sel. January, 11 

Instructing the New Employee in Safety—By A. C. Ger- 
main. January, 11. 

Iron and Steel Industry—A Review of the Proceedings of 
A. I. & S. E. E. in Connection with the Development 
of Anti-Friction Bearings in the. January, 12 

Iron and Steel Industry—Electricity’s Contribution to the. 
January, 29. 
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Iron and Steel Industry—Machine Control of Combustion 
in Metallurgical Furnaces of the—By J. F. Shadgen. 
October, 490. 

Iron and Steel Industry—1929-30—Yearly Review of Elec- 





trical Developments—By W. H. Burr. June, 271. 
Iron and Steel Industry—A Survey of—February, III. 
Iron and Steel Plant Expansions—High Spots in 192). 


January, 74. 


L 


Lackawanna Plant of the Bethlehem Steel Co.—Electrical 


Development at the—By F. D. Egan and J. F. Oehler. 
June, 239. 

Lehigh University—Electrical Engineering at—By J. W. 
Barker. May, 227. 


Lighting Problems—Steel Mill—By R. F. Sanner. July. 372. 


Limits—on Overhead Cranes Hoist Travel—By Walter 
Greenwood. April, 192. ; 
Limit Stops for Hoists—Safety—By D. C. Wright. April 


182. 

List of Rolling Mill Drives Installed in the United States 
and Canada—Classified. January, 47. 

Locomotives with Internal Combustion Engines for Steel 
Mill Transportation—By A. H. Candee. September, 461. 

Lowering—Recent Developments in Dynamic Braking—By 


D. C. Wright. February, 91. ae 
Lubrication Practice—Elements of Lubrication. Decem- 
ber, 582. 


Lubrication Practice—Steel Mill—Questionnaire, Lubricat- 
ing Engineering Division. November, 519. 

Lubrication Problem—Everybody’s. 

Lubricating Systems for Roll Necks—Automatic Pressure— 
By Maurice Reswick. October, 503. 


M 

Machine Control of Combustion in Metallurgical Furnaces 
of the Iron and Steel Industry—By J. F. Shadgen. 
October, 490. 

Magnetic Control Diagrams—Standardization of Steel Mill. 
July, 367. 

Main Roll Drives in the United States and Canada. 
ary, 29. 

Main Roll Drive Statistics—1929, January, 28. 

Maintenance and Operation of an Electrical Department in 
a Modern Steel Mill—Report on Questionnaire Cover- 
ing Organization,—By J. J. Booth. August, 405. 

Maintenance of Oil—Deterioration and—By Colby W. 
‘Bryden. February, 101. 

Maintenance—Organized Inspection as an Aid to Crane— 
By T. J. Flaherty. June, 268. 

Manufacturing Industry—Evolution of Electrification in the 
—By F. H. Kittredge. June, XV. 

Manufacture of Tool Steel—Uses of Electricity in the De- 
velopment and—By O. K. Parmiter. March, 122. 





Janu- 





Materials—Electric Welding of Heavy—By John F. Lin- 
coln. March, 126. March, 127. 
Materials—Theory of Rolling—Plastic—By F. G. Gasche. 


June, 325. 

Measurement in Connection with Coke Oven Gas—Flow— 
By J. M. Spitzglass. May, 217. 

Measuring of Roll Pressures—By F. H. 
vember, 532. 

Merchant Mill Drives. January, 56. 

Metal Handling—Hot—By Walter deFries . June, XXXVI. 

Metallurgical Furnaces of the Iron and Steel Industry— 
Machine Control of Combustion in—By J. F. Shadgen. 
October, 490. 

Method—Automatic Reversing of Open 
by the Temperature Difference—By M. J. 
J. W. Kinnear, Jr. October, 481. 

Method of Cupola Blowing—Constant Air Weight—By H. 
V. Crawford. December, 559. 

Mill Analysis—Rolling—By FE. Kieft. June, 258. 

Mill Auxiliary Control Specification Guide Forms—A. I. & 
S. E. E—Steel. January, 1. 

Mill Drives Installed in the United States and Canada— 
Classified List of Rolling. January, 47. 

Mill Drives—Modern Reversing—By R. H. Wright. 
210. 

Mill Equipment—Tapered Roller Bearings and Their Ap- 
plicability to Steel—By Fred Waldorf. February, 75. 


BuhImann. No- 


Hearth Furnaces 
Bradley and 


May, 





Mill Fuels—Comparative Values of Steel—By H. V. Flagg. 
May, 203. 
Mill Lighting Problems 


Steel—By R. F. Sanner. July, 372. 


Mill Magnetic Control Diagrams—Standardization of Steel. 
July, 367. 

Mill Practice to Arc Welding—Applying the Principles of 
Steel—By J. B. Austin. June, 319. 

Mill Transportation—Locomotive with Internal Combustion 
Engines for Steel—By A. H. Candee. September, 461. 

Mill—Report on Questionnaire Covering Organization, 
Maintenance and Operation of an Electrical Department 
in a Modern Steel—By J. J. iBooth. August, 405. 

Mills—Application of Electric Drives to Rolling—By J. 
D. Wright. January, 23. 

Mill Stands—Groups Versus Individual Driven Rolling—By 
R. H. Ellis. August, 429. 

Mixed Gas (Blast Furnace and Coke Oven Gas) on Open 
Hearth Furnaces at Wisconsin Steel Works—Use of— 
By Geo. E. Rose and F. M. Washburn. July, 394. 

Modern Reversing Mill Drives—By R. H. Wright. May, 210. 

Modern Steel Mill—Report on Questionnaire Covering Or- 
ganization, Maintenance and Operation of an Electrical 
Department in a—By J. J. Booth. August, 405. 

Molybdenum Wound Hydrogen Furnaces for Copper Braz- 
ing—By C. M. Thompson. September, 471. 

Motor Driving Hammer-Mill at Central Alloy Steel Com- 
pany Improves Power Factor—Synchronous—By C. E. 
Buchan. September, 469. 

Motor to the Production of Cast Iron Pipe—Application of 
the Electric—By Geo. Pfeffer. December, 584. 

Motors—Flexibility of Design in the Application of Ball 
and Roller Bearings to General Purpose—By J. L 
(Brown. August, 416. 

Motors for Auxiliary Drives—A Comparison of Alternat- 
ing Current and Direct Current—By Gordon Fox. Oc- 
tober, 505. 

Multi-Speed Drives. 





January, 66. 


N 
National Progress—The Engineer and His Relation to—By 
Martin J. Conway. March, III. 
Necks—Automatic Pressure Lubricating Systems for Roll— 
$y Maurice Reswick. October, 503. 
New Employee in Safety—Instructing the—By H. G. Hen 
sel. January, 11. 
New Employee in Safety—Instructing the—By A. C. Ger- 
main. January, 11. 
Non-Ferrous Mill Drives—Aluminum, 
January, 60. 
O 


Oil—Deterioration and Maintenance of—By Colby W. Bry- 
den. February, 101. 

Open Hearth Construction—Chief 
M. J. Conway. March, 148. 

Open Hearth Control—By H. V. Flagg. October, 480. 

Open Hearth Construction—Features of Basic—By Martin 
J. Conway. March, 148. 

Open Hearth Furnaces at Wisconsin Steel Works—Use of 
Mixed Gas (Blast Furnace and Coke Oven Gas)—By 
Geo. E. Rose and F. M. Washburn. July, 394. 

Open Hearth Furnaces—Automatic Combustion Control for 
—By R. W. Simpson. October, 485. 

Open Hearth Furnaces by the Temperature 
Method—Automatic Reversing of—By M. J. 
J. W. Kinnear, Jr. October, 481. 


Copper and Brass 


Features of Basic—By 





Difference 
Bradley and 


Open Hearth Furnace Control—By M. Greenberg. Octo- 
ber, 487. 

Open Hearth Furnace—Operation of an—By Martin J. 
Conway. May, 230. 


Operated Crane Statistics—Electrically—1929. January, 27. 
Operation of an Electrical Department in a Modern Steel 
Mill—Report on Questionnaire Covering Organization, 
Maintenance and—By J. J. Booth. August, 405. 
Operation of an Open Hearth Furnace—By Martin J. 
Conway. May, 230. . 
Organization, Maintenance and Operation of an Electrical 
Department in a Modern Steel Mill—Report on Ques 
tionnaire Covering—By J. J. Booth. August, 405. 
Organized Inspection as an Aid to Crane Maintenance—By 
T. J. Flaherty. June, 268. 
Overhead Cranes—Hoist Travel 
Greenwood. April, 192. 
Overhead Traveling Crane — Electric — Questionnaire and 
Answers. April, 164. 
Overhead Traveling Crane Specifications—A. I. 
Electric. November, 545. 


Limits on—By Walter 
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Patents—By W. R. Coley. July, 380. 

Pennsylvania State College and A. I. & S. E. E. Electric 
Heating Conference. March, 111. 

Piercing Mill Drives. January, 51. 

Pipe—Application of the Electric Motor to the Production 
of Cast Iron—By Geo. Pfeffer. December, 58. 

Plant—Economical Control of Purchased Electrical Power 
in the Industrial—By R. F. ‘Gale. November, 536. 

Plant Expansions Year 1929—High Spots in the Iron and 
Steel. January, 74. 

Plant—Transportation Within the Steel—By D. M. Petty 
December, 573. 

Plants—Electrical Drives for Steel—By A. F. Kenyon. Jan 
uary, 20. 

Plastic Materials—Theory of Rolling—By F. G. Gasche 
June, 325. 

Plate Mill Drives. January, 48. 

Power Consumption Tests on the Timken Steel and Tube 
Company’s Blooming and Bar Mills—By Fred Waldorf 
September, 442. 

Power Factor—Synchronous Motor Driving Hammer Mill 
at Central Alloy Steel Company—Improves—By C. E. 
Buchan. September, 469. 

Power in the Industrial Piant—Economical Control of Pur- 
chased Electrical—By R. F. Gale. November, 536. 

Practice—Elements of Lubrication. December, 582. 

Practice—Steel Mill Lubrication—Questionnaire, Lubricat- 
ing Engineering Division. November, 519. 

Practice to Arc Welding—Applying the Principles of Steel 
Mill—By J. B. Austin. June, 319. 

Pressure Lubricating Systems for Roll Necks—Automatic 
By Maurice Reswick. October, 503. 

Pressures—Mearuring of Roll—By F. H. Buhlmann. No- 
vember, 532. 

Principles cf Steel Mill Practice to Are Welding—Apply- 
ing the—By J. B. Austin. June, 319. 

Problems—Electricity and Industrial Safety—By J. S. Mur- 
ray. September, III. 

Problems—Steel Mill Lighting—By R. F. Sanner. July, 372 

Problem Lubrication—Everybody’s—August, III. 

By Martin J. Conway. March, III. 

Proceedings of A. I. & S. E. E. in Connection with the 
Development of Anti-Friction Bearings in the Iron and 
Steel Industry—A Review. January, 12. 

Production of Cast Iron Pipe—Application of the Electric 
Motor to the—By Geo. Pfeffer. December, 584. 

Progress—The Engineer and His Relation to Nationai— 
3y Martin J. Conway. March, 111. 

Proposed Crane Specifications—A. 1. & S. E. E. June, 249 

Purchased Electrical Power in the Industrial Plant—Eco- 
nomical Control of—By R. F. Gale. November, 536. 


Q 

Questionnaire—Anti-Friction Bearings for Roll Necks—By 
Special Committee on Bearings of the A. I. & S. E. | 
April, III. 

Questionnaire and Answers; Electric Overhead Traveling 
Crane. April, 164. 

Questionnaire—Lubricating Engineering Division, Steel Mill 
Lubrication Practices. November, 526. 


R 

Rail and Structural Mill Drives. January, 47. ; 

Reaction and Temperature—By M. J. Conway. August, 425. 

Recent Developments in Arc Welding—By K. L. Hansen. 
March, 113. 

Reducers—Gearless—Speed—By H. M. Edmunds.  Febru- 
ary, 94. 

Relation to National Progress—The Engineer and His— 
3y Martin J. Conway. March, 111. 

Report of the A. I. & S. E. E. Special Committee on Bear- 
ings—By F. D. Egan. June, 280. 

Report on Questionnaire Covering Organization, Mainte- 
nance and Operation of an Electrical Department in a 
Modern Steel Mill—By J. J. Booth. August, 405. 

Reversing Mill Drives—Modern—By R. H. Wright. May, 
210. 

Reversing Mill Drives. January, 68. 

Reversing of Open Hearth Furnaces by the Temperature 

Difference Method—Automatic—By M. J. Bradley and 

J. W. Kinnear, Jr. October, 481. 





Review of Electrical Developments Iron and Steel Industry 
1929-30—Yearly—By W. H. Burr. June, 271 

Review of the Proceedings of the A. lL. & S. E. E. in Con- 
nection with the Development of Anti-Friction Bearings 
in the Iron and Steel Industry. January, 12. 

Rod Mill Drives. January, 51. 

Roll Drives in the United States and Canada—Main. Jan 
uary, 29. 

Roll Drive Statistics—Main—1929. January, 28 

Roll Necks—Automatic Pressure Lubricating Systems for— 
By Maurice Reswick. October, 503. 

Roll Pressures—Measuring of—By F. H. Buhlmann. No- 
vember, 532. 

Roller Bearings and Their Applicability to Steel Mill Equip- 
ment—Tapered—By Fred Waldorf. February, 75 

Roller Bearings to General Purpose Motors—Flexibility of 
Design in the Application of Ball and—By J. L. Brown 
August, 416. 

Rolling Mill Drives Installed in the United States and 
Canada—Classified List of. January, 47 

Rolling Mill Analysis—By FE. Kieft. June, 258 

Rolling Mill Stands—Group versus Individual Driven—By 

R. H. Ellis. August, 429 

Rolling Mills—Application of Electric Drives to—By J. D 
Wright. January, 23. 

Rolling Plastic Materials—Theory of—By F. G. Gasche 
June, 325 

Runways—Crane Track Wheels and Crane—By R. J. Harry 
April, 157. 

S 

Safety—By-Products of—By John A. Oartel. June, XIII 

Safety Engineering Course—Should Colleges and Univer 
sities Create a—By J. A. Voss. June, 266 

Safety in Industry—By I. Lamont Hughes. December, 566 

Safety—Instructing the New Employee in—By H. G. Hen- 
sel. January, 11. 

Safety—Instructing the New Employee in—By A. C. Ger- 
main. January, 11, 

Safety Limit Stops for Hoists—By D. C. Wright April, 
182. 

Safety Problems—Electricity and Industrial—By J. S. Mur- 
ray. September, III. 

Salt Bath Furnaces for Heat Treating—Electric—By A. E. 
Bellis. March, 141. Discussion. March, 145 

Sheet and Tin Plate Drives. January, 49. 

Sheet Bar and Skelp Mill Drives. January, 65 

Skelp Mill Drives—Sheet Bar and. January, 65 

Specifications—A. I. & S. E. E. Electric Overhead Travel 
ing Crane. November, 545 

Specifications—A. I. & S. E. E. Proposed Crane. June, 340 

Specification Guide Forms—A. I. & S. E. E. Steel Mill 
Auxiliary Control. January, 1. 

Specifications and Guide Forms—By J. J. Booth. January, 10 

Speed Reducers—Gearless—By H. M. Edmunds, February, 
94. 

Standardization of Steel Mill Magnetic Control] Diagrams 
July, 367. 

Stands—Group Versus Individual Driven Rolling Mill—By 
R. H. Ellis. August, 429. 

Statistics—Electrically Operated Crane—1929. January, 27 

Statistics—Main Roll Drives—1929. January, 28 

Steel Industry—A Review of the Proceedings of A. I. & S 
E. E. in Connection with the Development of Anti 
Friction Bearings in the Iron and. January, 12. 

Steel Industry—Electricity’s Contribution to the Iron and 
January, 29. 

Steel Industry—Machine Control of Combustion in Metal 
lurgical Furnaces of the Iron and—By J. F. Shadgen 
October, 490. 

Steel Industry—1929-30—Yearly Review of Electrical Dx 
velopments Iron and—By W. H. Burr. June, 271 

Steel Industry—Survey of the Iron and. February, III 

Steel Mill Auxiliary Control Specification Guide Forms— 
A. I. & S. E. E. January, 1. 

Steel Mill Equipment—Tapered Roller Bearings and Their 
Applicability to—By Fred Waldorf. February, 75 

Steel Mill Fuels—Comparative Values—By H. V. Flage 
May, 203 

Steel Mill Lighting Problems—By R. F. Sanner. July, 372 

Steel Mill Lubrication Practice—Questionnaire, Lubricating 
Engineering Division. November, 519 

Steel Mill Magnetic Control Diagrams-—Standardization of 
July, 367. 
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Electrical Equipment to Operate the Blast 
Furnace Skip Hoist‘ 


By C. P. HAMILTON * 


(1) General Discussion. 

During the past four or five years, the trend in 
furnace construction has been toward greater out- 
put, and as a result, the burden on the skip hoist has 
increased accordingly. Today, stacks having an out- 
put of a thousand tons of pig are common. To ob- 
tain this output, it requires approximately thirty-five 
hundred tons of material—iron ore, coke and lime 
stone—to be fed into the stack in a like period, and 
the responsibility of handling this burden, day in 
and day out continuously, and at a fairly uniform 
rate, as long as the furnace is in service, is on the 
skip hoist. This requires a highly dependable equip- 
ment in every respect. 

The increase in furnace sizes has also required 
that the hoist operate with better time efficiency. 
This means that the skip speeds are higher, and that 
uniform operating speeds—both full speed and dump- 
ing speed—are desirable regardless of the load in the 
bucket. Skips are now operating at speeds in ex- 
cess of 600 F.P.M., whereas, just a few years ago, 
100 F.P.M. was considered about as far as necessary. 
Increased hoisting speeds, however, is not the com- 
plete answer to increasing the capacity of the hoist 
or saving time. It is frequently assumed, that a 
given hoist can deliver more material in about the 
same ratio as the speed is increased. This is not the 
case, however, as may be shown by the following 
example: 

An operating cycle based on a speed of 400 F.P.M. 
will be about as follows: 


Accelerate to full speed t seconds 
Run at full speed 25 seconds 
Retard to dumping speed } seconds 
Run at dumping speed 6 seconds 
Stop 1 second 

Total operating time 39 seconds 


With a skip speed of 600 F.P.M., the cycle would 
be as follows for the same hoist: 


Accelerate to full speed 5 seconds 
Run full speed 15 seconds 
Retard to dumping speed 3 seconds 
Run at dumping speed 6 seconds 
Stop 1 second 


4 hh . . 
otal operating time 30 seconds 


In other words, an increase in speed of 150% 
only increased the output 130%. An examination 
t the above time cycles shows the reason for this 
difference is due to the lower percentage of full 
speed operation at the higher skip speeds. 

Uniform operating speeds, regardless of load, be- 
comes more important as the skip speed is increased. 
If one trip takes 30 seconds and the next, with a 

*Presented before Chicago District Section A. I. & S. 
Ee. £ January, 1931. 

_ *Industrial Engineering Department, General Electric 
Company, Schenectady, N. Y. 


heavier load, takes 38 seconds—which is not at all 
unusual—the daily capacity of the hoist is reduced 


close to 10%. As a more concrete example, large 
size stacks require about 45 trips per hour, or 1080 
trips per day. If five seconds is gained by main- 


taining the same operating speed each trip, the ca- 
pacity of the hoist would be increased by about 22 
trips per day or over 2 per cent. 

In addition to uniform operating speeds, close 
adjustment of the slow-down points; operating at 
as high dumping speed as practicable; maintaining 
high rates of acceleration and retardation; and quick 
loading of the buckets are all elements that should 
receive attention in order to get the most out of a 
given hoist. 

(2) Types of Electrical Equipment. 

There are six general types of drives that may 
be considered in selecting the electrical equipment as 
follows: 

(A) A.C. two-speed motors, 

(B) D.C. single-speed, one-motor drive with rheo- 

static control, 

(C) D.C. adjustable speed, one-motor drive with 

rheostatic control, 

(D) D.C. single-speed, two-motor drive with 

series parallel rheostatic control, 
(E) D.C. single-speed, one-motor drive with 
Ward-Leonard control, 

(F) D.C. single-speed, two-motor drive with 
Ward-Leonard control. 

(3) General Operating Conditions to be considered. 

A thorough study of each of these methods of 


driving the hoist should be made on the basis of: 


(A) Reliability, 

(B) Maintenance, 

(C) Flexibility, 

(D) Power consumption, 

(E) Speed regulation, 

(F) Cost. 

Reliability is of first importance because the fur- 


nace is so completely dependent on the skip hoist for 
material practically every minute of the day. An 
outage of the hoist of even a half-hour may be an 
extremely serious matter if it should occur when the 
furnace is working down rapidly. 


lhe second important factor mentioned was main- 


tenance. While constant supervision is good insur- 
ance against prolonged shut-downs, the actual re- 
placement of parts and readjustment of devices 


should only be necessary at infrequent intervals. 
This requires simplicity in the control, and rugged, 
conservatively rated, and smooth operating equip- 
ment. 

The third point is the question of flexibility. The 
speed range should be flexible to permit changing 
the high speed and the dumping speed. The con- 
trol scheme should, as far as possible, permit of ad- 
justment in a simple and effective manner without 
too much compromising. 
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The fourth consideration mentioned is power 
consumption. Power is a commodity and it costs 
money to produce. Often the saving in this item 
alone is sufficient to cover carrying charges on more 
expensive equipment. And there is a lot of pos- 
sibilities in this item when it is remembered that 
the power consumption per year is over 700,000 KW. 
Hrs. which, of course, depends greatly on the type 
of control used and the amount of material handled. 
In making comparisons of power consumption, care 
must be taken to be certain that the same operating 
conditions exist in each case. 

Speed regulation of the hoist is next in impor- 
tance. A control that will maintain uniform oper- 
ating speeds regardless of the load will very ma- 
terially increase the capacity of the hoist as brought 
out in an earlier part of this paper. 

First cost is placed last, for while the expenditure 
for an equipment must be justified, there is so much 
dépendent on the successful performance of the hoist 
at all times that it should be considered only from 
a relative standpoint. 

(4) Discussion of Operating Characteristics of the 
Above Types of Drive. 

\With these points in mind, the operating char- 
acteristics of the different types of drives outlined 
will be considered. 


Alternating Current Motor Drive 
The squirrel cage motor has worked out the best 


of the alternating current type of motor largely be- 
cause of its reliability as a rotating machine without 
commutator or slip ring and brushes. Since it is 
necessary to provide a positive slow-down speed, the 
motor is designed with two separate primary wind- 
ings super-imposed in the same slots, so that a speed 
range of 4:1 or 6:1 may be obtained. 

The control of this motor necessarily consists of 
heavy current duty contactors connected in the pri- 
mary circuit for reversing, accelerating and retarda- 
tion and includes protection against overload in each 
winding and against open and reverse phases. 

Such a motor is rugged; it provides fairly good 
speed regulation; it operates with low power con- 
sumption; and has a first cost comparable with the 
single motor D.C. rheostatic drive. Yet the use of 
the A.C. two-speed motor is open to so many objec- 
tions that it has not been applied very extensively. 
First of all, it is a difficult motor to repair in case 
of coil failure, because of the two windings in the 
same slots. It is also difficult to keep the motor 
cool on account of the necessity of having a high 
resistance rotor to give high starting torque. This 
means large constant losses at full speed, in addi- 
tion to the losses during acceleration, all of which, 
must be dissipated within the machine. Therefore, 
when the hoist is worked hard, the motor generally 
overheats. Also such a motor is very sensitive to 
voltage fluctuations—the torque varying as_ the 
square of the voltage, that is, a voltage dip of 10% 
below normal reduces the torque 19%. This means 
good voltage regulation is very necessary at the 
motor terminals. ; 

A combination slip ring and squirrel cage con 
struction will get away from over-heating. The 
slip ring section of the motor is used for the normal 


running speed of the hoist thus accelerating losses 
are dissipated in a resistor external to the motor, 
and the squirrel cage part of the machine is used 
only for the slow speed operation. However, such 
a motor has so much flywheel effect that a dispropor- 
tionate amount of its available torque must be used 
to get it up to speed and for retardation. 

Another objection to the A.C. two-speed motor is 
its inflexibility ; it has two very definite speeds which 
cannot be changed. Also it is a low power factor 
machine. Furthermore, when used to feed a fur- 
nace with a Neeland type top, it is a very difficult 
matter to keep the bucket from swaying, during 
retardation. This must be avoided to properly seat 
the bucket on the ring at the furnace top. 


Single Motor D.C. Drive 

The single motor D.C. drive with rheostatic con- 
trol has, no doubt, been the most extensively used 
of all types of drives and probably will continue to 
find usage in the future with small size stacks. It 
has been’ customary to use compound wound motors 
in order to obtain maximum torque per ampere at 
start. This is a very desirable characteristic, be 
cause the rope pull at start is a maximum, due to 
the high starting friction and, in the case of a bal 
ance type of skip, to the reduced overhauling effect 
of the up ended bucket in the dumping knuckle. 
Since the series field must be wound cumulative to 
obtain the above characteristics, the speed of the 
hoist will vary considerable with the load, unless it 
is possible to short circuit the series winding after 
the hoist has accelerated. It is practical to build 
special motors so that this can be done, but if mill 
type motors are to be applied, the space factor is 
not sufficient, in many cases, to permit winding on 
enough series turns to do much good. In this case, 
a shunt wound mill type motor is a very good ap- 
plication, if it is designed with partial voltage field, 
so that when “forced” by applying full voltage dur 
ing starting, the resultant field flux will be compar 
able to that obtained from a compound wound, or 
even a series wound motor. Such a motor will have 
the additional advantage of fairly constant full speed 
regulation over the load range and does not lose 
torque due to armature reaction during the current 
peaks of acceleration and retardation. 

For slow-speed hoists that do not require a ver) 
broad range between full speed and the dumping 
speed, a single motor drive with rheostatic control 
makes a simple mechanical and electrical equipment 
and has a low first cost. However, for skip speeds 
much above 300 F.P.M., the dumping speed is diffi 
cult to obtain without the necessity of being ex 
tremely wasteful of current through the armature 
shunt resistors. 

This type of drive though is inflexible; it re 
quires heavy current duty contactors; power con 
sumption per ton of material is high and increases as 
the skip speed increases; and its time efficiency is 
poor, largely on account of the great speed variation 
with load during the operation at the dumping speed 
\With control that is now available, however, the 
time efficiency is greatly improved over that ob 
tained with the early scheme of control. This i: 
done by the use of load discriminating relays whicl 
select the amount of armature shunting resistance t: 
be used during the dumping speed. 
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The points mentioned above will be somewhat 
clear perhaps, by referring to Figs. 1 and 2. In Fig. 
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l, a simple shunt wound D.C. motor is shown which 
has a speed load regulation curve, “A”, with full 
voltage applied to the armature. To slow such a 
motor down, it is necessary to apply reduced volt- 
age to the armature in proportion to the amount of 
speed reduction desired. ‘The method commonly 
used to obtain the voltage reduction, is to use series 
and shunt resistance in the armature circuit. ‘The 
voltage drop in the series resistance is then propor- 
tional to the sum of the currents flowing through 
the armature and through the shunt resistance. The 
slope, then, of curve “B” depends on the ratio of the 
current flowing through these two circuits so that 
the speed change with load will decrease as the cur- 
rent through the armature shunt resistor is increased. 
[hus, since good speed regulation during slow-down 
can only be accomplished by being extremely waste 
‘ul of current, a compromise is usually attempted 
SO that a bucket with iron ore will run at some point 
a, below the average desired, and coke and stone 
loads at speeds above the average, such as points 
“X” and “Y”. With load discriminating relays, the 


amount of armature shunt resistance can be selected 


so that the point “Z” will be raised to X’ and Y’ 


ind points “X” and “Y” lowered to Z’ and Y’. 





D.C. Adjustable Speed Motor 

When the skip speed begins to get much above 
250 F.P.M., the adjustable speed motor makes a 
very good application for a single motor drive. Such 
a motor has excellent starting torque per ampere 
characteristics, and providing the skip speed is not 
too high, the slow speed regulation is better than 
can be obtained from a single-speed motor. Also 
on the basis of the same skip speed, the power con- 
sumption is less than the single-speed motor because 
it is not necessary to waste so much current through 
the armature shunt resistance to get the slow-down 
speed. 
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By referring to Fig. 3, an adjustable speed motor 
will have a speed load regulation curve at weak 
field as shown by curve “A”. Now then, by strength- 
ening the field so that the speed will be reduced 
about one-half, the armature current, will, for the 
same torque load, be reduced 50%. Thus, it will be 
noted that to obtain a given speed reduction, it is 
not necessary to reduce the armature voltage to the 
extent that is required with a single speed motor, 
and also that better speed regulation can be ob- 
tained for the same expenditure of current through 
the armature shunt resistance. 

Such a motor also provides more flexibility as its 
speed can be easily changed by field control from 
basic speed to its maximum operating speed. How 
ever, it is a much more expensive motor to build 
than a single-speed type, but the control is some 
what simpler. 


Double Motor Drive With Rheostatic Control 

Two compound wound motors, usually mill type, 
are often used to drive the hoist with the control 
arranged to give series parallel operation. This 
gives a positive slow-down to half speed and there 
fore, can be used to operate fairly high speed hoists 
successfully. Armature shunting must, of course, be 
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resorted to, to obtain a sufficiently low speed for 
dumping purposes. 

This type of control requires a large number of 
heavy current devices; it is complicated and inflex- 
ible. It must be carefully laid out, particularly if 
series wound brakes are used, to avoid difficulty due 
to the brakes setting during the transition from 
parallel to series operation. 

A hoist of this sort has a considerable variation 
in its operating time cycle because, due to the neces- 
sity of using compound wound motors to make them 
divide the load, the full speed will change as much 
as 25% between coke and ore loads. This added to 
the variation in the dumping speed, results in poor 
time efficiency. While such an electrical equipment 
makes a complicated set-up, it has the advantage 
over the adjustable speed, single-motor drive in that 
in case of one motor failing, it is generally possible 
to continue operation at reduced capacity until the 
motor is replaced. There is not much flexibility 
otherwise with this type of drive. 

Power consumption on the basis of per ton ma- 
terial handled is considerably lower than when a 
single-speed motor is used. Also when compared 
with an adjustable speed motor, a slight saving will 
be obtained because the flywheel effect of the single 
motor armature is more than that of a two-motor 
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combination. However, when series wound brakes 
are used with the two-motor combination, the power 
consumption will be greater than if shunt wound 
brakes are used, due to the necessity of providing a 
by-pass circuit to prevent the brakes setting on 
transition back from parallel to series operation of 
the motors. 

This will be more readily apparent by referring 
to Figs. 4 and 5. When the two motors are oper- 
ating in parallel with full voltage (Fig. 4), the 
counter EMF will be from 85% to 95% of line volt- 
age. Now, when the two motors are switched back 
to series operation, there will be from 170% to 190% 
line voltage tending to pump current back, which 
will be limited by the series resistance “R”. To 
prevent the brake setting, a by-pass circuit is pro- 
vided around the motor armature of sufficient capac- 
ity to absorb this regenerated current, in addition to 
the line current that must be maintained through 
the brake coils. 

A preferable method of slowing down, is to first 
reduce the armature voltages to a value where the 
sum will be somewhat less than the line voltage 
before switching back to series operation. 

First cost of this type of drive is very much 
higher than when single-speed motor operation is 
used as the motors and control are a lot more ex- 
pensive as well as the mechanical set-up. 

In general rheostatic control is complicated; it is 
inflexible; it requires a large number of heavy cur- 
rent duty devices; it can be unduly wasteful of power 
through misadjustment; and it is hard on the me- 
chanical equipment. This latter point is not gen- 
erally appreciated, but the sudden torque changes 
which occur during acceleration and retardation, as 
the contactors close and open have just the same 
effect as a series of hammer blows would have on 
the equipment. 


Single Direct Current Motor Drive with Ward- 

Leonard Control 

In any electrical system, the bulk of the main- 
tenance and trouble occurs in the control, and there- 
fore, the simpler this can be made, the greater will 
be the reliability. To accomplish this, there has been 
a very definite trend, during the past few years to- 
ward the use of Ward-Leonard control, particularly 
for skips running 400 F.P.M. and up. This type of 
control seems to fulfill all the requirements of this 
application to a greater extent than any other type 
of control. It is first of all extremely simple and 
has but few control devices, which in the main car- 
ries but 15 or 20 amperes. This simplicity, and the 
smaller values of current, results in greater con- 
tinuity of service. Reports on equipments that were 
installed in 1925 state that the expense of main- 
tenance to date has been negligible, and in the main 
has only required the replacement of a few contact 
tips worth about 15 cents a piece. 

A second factor favoring this type of control is 
its flexibility of speed range. While the machines 
are ordinarily designed for a certain nominal voltage 
to give rated speeds, in most cases this can be in- 
creased at least 20 to 25%, and in addition, a fur- 
ther speed increase of at least 10% can be obtained 
by field weakening, and not only can the high speed 
be changed, but also the slow running speed. This 
is quite important because, as previously stated, the 
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maximum output of a given hoist can be very ma- 
terially increased by keeping the dumping speed as 
high as practicable. A well designed control has 
provision to conveniently adjust both the high and 
slow speeds over a certain range by means of either 
switches or field rheostats. Other speed adjustments 
can be easily made by simply changing field resistor 
tap connections. 

A third factor is the constant speed regulation 
that is possible with the Ward-Leonard system. 
With rheostatic control, a six second variation in 
operating time between dumping an ore load and 
coke load is not at all uncommon. On the other 
hand, a well designed Ward-Leonard control sys- 
tem will handle either a coke or iron ore load with 
practically no difference in time. This means that 
with a given hoist, greater capacity can be obtained. 

The time to get a hoist into service after it is 
installed is also important. Here again the Ward- 
Leonard system has the advantage over rheostatic 
control, because of the simplicity of the control ad- 
justment, whereas, rheostatic control generally re- 
quires adjustment of the armature series and shunt 
resistors, as well as the various control relays. 

With rheostatic control, means are usually pro- 
vided to make certain that the brake will only re- 
lease when current is flowing in the motor armature 
so that sufficient torque will be developed to hold the 
load. This is accomplished by using either a shunt 
wound brake operated from a series relay connected 
in the armature circuit of the motor, or by a series 
wound brake. Both of these methods have some 
complication—that is, to provide the necessary hold- 
ing circuit in the first case after the brake has re- 
leased, or when a series brake is used, it is neces- 
sary to prevent it setting on light load or due to 
pump back current during retardation. 


With Ward-Leonard control on the other hand, 
these precautions of having armature current flowing 
before releasing the brake is not necessary, as the 
inherent characteristic of this control will prevent a 
bucket running away as long as the motor and gen- 
erator are tied together, and there is field on the 
motor. As a matter of fact, the brake can be com- 
pletely released and the hoist will barely creep. Also 
since the hoist is practically stopped normally by 
regenerative braking, the wear on the mechanical 
brake is negligible. 

It is often the case, that D.C. systems are over- 
loaded, making it necessary to install additional con- 
verting equipment if a D.C. drive is to be used. This 
becomes unnecessary when the Ward-Leonard sys- 
tem is used, as the high voltage A.C. can be utilized. 
Furthermore, the power peaks on the distribution 
system are but slightly higher during acceleration 
than the full hoisting power required, because the 
peak accelerating current occurs before the generator 
has built up its voltage to the normal operating 
value. 

The absence of sudden torque changes with Ward- 
leonard control certainly means that the mechanical 
equipment will require less maintenance in a given 
time. 

Figures on power consumption from a comparison 
between a 200 HP. A.C. multi-speed squirrel cage 
motor drive and a Ward-Leonard drive using two 





150 HP. motors showed on the basis of KW. hours 
per ton material handled that the A.C. hoist required 
.63%7 KW. hours, while the Ward-Leonard operated 
hoist required .554 KW. hours, or a saving of 139%. 
The comparison of D.C. rheostatic control and Ward- 
Leonard control should show even a better saving 
than the above figures because of the greater rheo- 
stat losses. It will be very interesting to know how 
this data compares with the results from Ward- 
Leonard hoists that have been recently put into oper- 
ation in this vicinity. The reason Ward-Leonard 
control shows up so well on power consumption even 
with its lower overall efficiency is that the power 
input is proportional to the hoisting speed and that 
the accelerating losses are low because a considerable 
amount of the power put into the equipment during 
acceleration is pumped back during retardation. 


In applying Ward-Leonard control, it must be 
assumed that a generator having a rating equivalent 
to the hoist motor will give successful operation. <A 
Ward-Leonard system must be carefully designed in 
all its component parts, and for this reason, it is 
preferable that one electrical manufacturer have the 
control of the complete design, and thus determine 
the design of the generator, the motor driving it, 
the hoist motor, and the control, so that all will work 
together to the best advantage. It is essential that 
the generator be designed with attention given to 
commutation characteristics; to stability of voltage 
corresponding to the various speeds of the hoist; to 
have the proper time constant in building up voltage; 
and to voltage regulation. The motor driving set 
must have close speed regulation, and a sufficiently 
high pull-out torque to carry over the accelerating 
peaks, even during a voltage dip of at least 15%. 
The hoist operating motor must likewise be designed 
with proper commutation and stability characteristics. 
In this respect, open mill type motors are usually 
very successful when properly applied. 

The control must be laid out to work the gen- 
erator and hoist motor to the best advantage, and 
furthermore, it is important to give consideration to 
the type of top that will be used with the furnace, 
in designing the control. For instance, a Neeland 
top requires that the speed be slow until the bucket 
is picked up and latched, and then the acceleration 
to full speed must be smooth to prevent the bucket 
swaying. Also, the retardation must likewise be 
smooth for the same reason. On the other hand, the 
hoist control for a McKee type of top should be 
arranged so that the bucket will be righted without 
too much shock and then the acceleration may be as 
rapid as commutation will permit. , 


The motor driving the set may be either a syn- 
chronous type or a squirrel cage induction type. 
The former has three main advantages and that is 
constant speed of the set, power factor correction, 
and is less sensitive to voltage dips. In other words, 
the maximum torque of a squirrel cage motor varies 
as the square of the voltage, whereas, the synchron- 
ous motor torque varies directly as the voltage. Full 
voltage starting may be used with either motor, if 
the power system has sufficient capacity to with 
stand this peak, and this is usually the case. The 
synchronous motor drive, however, has a slight addi- 
tional complication over the squirrel cage motor in 
that control of its field must be provided. 
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Two-Motor Drive With Ward-Leonard Control 
Ward-Leonard control may be used with either a 
single hoist motor or a two-motor drive. With a 
two-motor drive, the control is often arranged so 
that one motor can be readily cut out of service. 
The motors are usually operated in series and ac- 
cordingly if the equipment must carry full load under 
this condition, of single-motor operation, it is neces- 
sary to design the generator for double current duty. 
Ward-Leonard control is, therefore, an excellent 
application for a blast furnace skip hoist from an 
engineering standpoint; it is reliable, requires very 
little maintenance; it is extremely flexible; and has 
low power consumption and high time efficiency. 

The principal objection is the matter of first cost 
and spare parts. The first cost is usually from 150 
to 200% of the cost of a rheostatic operated drive. 
HLlowever, it must be borne in mind that a complete 
blast furnace represents a capital investment in ex- 
cess of $1,000,000, and it is completely dependent on 
the skip hoist for all the raw material. This ma- 
terial, as pointed out previously, must be delivered 
at a fairly uniform rate, day in and day out, and any 
prolonged shut-down is extremely serious from a 
loss of revenue standpoint, as well as due to the 
difficulty of getting back into operation, 

The spare part situation is not always very for- 
midable if a study is made of the equipment in a 
mill. It often happens that not only the hoist mo- 
tors can be duplicates of other motors about the 
plant, but also the motor driving the set and _ pos- 
sibly the generator itself can be duplicated after a 
careful check is made of its characteristics. 

(5) General Conclusion. 

An analysis of this discussion of the character- 
istics of each of the different types of electrical equip- 
ment that may be selected, will result in the follow- 
ing general conclusions. These, of course, must be 
modified by local conditions. 

For skip speeds which are not over about 350 
F.P.M., rheostatic control is justified. The question 
then is whether a single motor drive or two-motor 
drive should be used. <A _ single-speed, one-motor 
drive makes a very successful installation when the 
operating speed is under about 300 F.P.M. How- 
ever, when the speed gets up above 250 F.P.M., the 
adjustable speed motor, 2:1 and 3:1 speed range 
will begin to show up to advantage and will give 
very good performance up to speeds in the neigh- 
borhood of 400 F.P.M. 

A two-motor drive also enters the picture at 
around 250 F.P.M. and finds some justification over 
the adjustable speed motor drive in the possibility 
of single motor operation in case of one motor failing. 

When the skip speed approaches 400 F.P.M., it 
means that greater continuity of operation is neces- 
sary; that the hoist will work at a greater rate; in 
other words, it will make a greater number of starts 
and stops per day. Also the higher speed means 
that the percentage of full speed operating time in 


the cycle is less. Thus the higher the skip speed, 











the greater becomes the importance of reliability, 
flexibility, power consumption and time efficiency. 
These requirements are more completely met with 
Ward-Leonard control than with rheostatic control. 
The choice of single motor or two-motor drive seems 
to favor the latter in most cases, because mill type 
motors can be applied, unless the hoist is of unusual 
capacity—and on acount of the greater reliability. 
If the motors are conservatively selected so that one 
will carry on with load of about 75% of normal, the 
chances of motor failure are greatly reduced when 
both motors are operating. 

For hoists which use a suspended type of bucket, 
the smooth acceleration and retardation that is ob- 
tained with the Ward-Leonard control practically 
eliminates bucket swaying. 


Discussion 

A question was raised in regard to the operation 
of the discriminating relays used with rheostatic con- 
trol to obtain approximately constant dumping speeds 
for coke and ore loads. It was pointed out that 
these relays are arranged to function on armature 
current, which is a measure of the load when steady 
conditions are obtained after acceleration. Cir- 
cuits are then set up so that when the hoist is slowed 
down, the amount of armature shunting resistance is 
selected on the basis of the load. Thus with a coke 
or stone load, a low value of resistance is selected, 
and a high value when the load is ore. 

The use of a flywheel on the motor generator set 
furnishing power to a Ward-Leonard control was 
raised. In answering this question, it was stated 
that no particular benefit would result from the use 
of a flywheel as the power peaks on a Ward-Leonard 
system are but very little higher than the power 
required to hoist full load because the peak accelerat- 
ing current occurs before the generator has built up 
its voltage to normal. Therefore the stored energy 
in the flywheel cannot be used to any advantage. 

The comparative cost of a Ward-Leonard system 
The dif- 


ference in cost, it was pointed out, varied greatly 


with rheostatic control drive was desired. 


and depended on the particular types of equipment 
that would be considered, such as single motor drives 
and two-motor drives, or whether the comparison 
would be with a single-speed rheostatic controlled 
motor or an adjustable speed motor. As a very 
rough approximation, a comparison of the hoist elec- 
trical equipment on the basis of two-motor drives 
with series parallel control and a similar drive with 
Ward-Leonard control would show that the latter 
control would cost about 150% of the rheostatic 
control. Mr. Hall, however, stated that in his opin- 
ion this comparison was high, particularly when all 
of the factors were considered such as converting 
equipment, etc. 
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LECTRIC REPAIR SHOP 


REBUILDING COMMUTATORS 

Since a Commutator failure invariably means the 
loss of the armature winding, every Maintenance 
man should find it economical to learn the “Nine 
Essential Features to Rebuilding a Commutator.” 

These Nine Essential Features to Rebuilding a 
Commutator are as follows: 

DESIGN—‘Vee” Bound Construction. When 
drawn up tight, pressure is uniformly distributed. 
This makes a good mechanical job. 

COPPER BARS—Hard Drawn Copper. High 
conductivity (98%). Mechanically strong. Straight- 
ened, Burrs removed and bright dipped. 

MICA SEGMENTS—Selected Raw Mica. Free 
from impurities. Sheets properly bonded. Seasoned 
under pressure. Thickness held within .0005. 

MICA EXTENSION — Mica Extension 1/16 
Back of Commutator neck and 1/32” at fit on bush- 
ing. This improves insulation and reduces short- 
circuits. 

MACHINING—Corners on Face Rounded, necks 
correctly slotted, “Vees” carefully machined and all 
burrs removed, using special designed tools. 

BAKING—Assembled segments baked at 125 
to 150° Cent. Automatic control of heat. This sea- 
soning produces a dependable commutator. 

TESTING—For Short-circuits between  bars-500 
volts. Assembled commutators are given 4000 Volts 
test to ground. 

INSPECTION—Correct number of bars, radial 
alignment, machining of “Vees,” ove rall dimensions, 
quality and finish. 

IMPORTANT POINTS IN REBUILDING 

(1) Keep all parts free from dust and moisture. 

(2) Assemble while cold and take up slack 
with nut or bolts. 

(3) Remove temporary steel bands. (Cracks be- 
tween bars may develop. This is not uncommon. 
Hot pressing closes these and produces a solid and 
tight commutator). 

(4) Heat (Preferably in an oven) to 125° to 
150° Cent. : 

(5) Press while hot at about 20 to 30 Tons. 
Eight of these features are important refinements 


TESTING 
ENGINEER MOTOR INSPECTOR 





which the manufacturer is careful to incorporate in 
the replacement parts for your use in rebuilding 
commutators for machines. The ninth feature lies 
wholly in the hands of the repair man performing the 


task. 
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Many repair shops tighten their commutators cold 
without applying an external pressure to the front 
detachable steel V-ring. They depend upon the 
ring nut or bolts to provide sufficient pressure to 
tighten the commutator. On general purpose motors 
due to space limitation the commutators are designed 
to be tightened under an external pressure while 
ring nut or bolts are used to retain the pressure. 


Vital Points in Rebuilding Commutators 

The following vital points in rebuilding com- 

mutators are worthy of your careful consideration: 

1—Place the armature in an upright position so 
you can work to the best advantage. 

2—Clean all metal parts thoroughly. 

3—Make sure the ring nuts or bolts turn freely 
and have sufficient threads to tighten the com- 
mutator. 

{—Clean V's, of assembled segments with sand 
paper. 


5—Check for shorts between bars with 300 volts 
A. ©. 

6—Clean the Mica V rings with sand paper. 
Caution: Do not touch the Mica V-ring. with 
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the hand where it enters the copper “V” of 
the assembled segments after cleaning. In 
doing so, you may deposit steel or dust par- 
ticles on the ring which may cause a short 
between bars several years later. 

7—Paint the Mica: V ring where it enters the 
copper with a thin coat of shellac. 

8—Paint the steel V-ring of the commutator bush- 
ing with a thin coat of shellac. 

9—Place the rear Mica V-ring over the rear 
steel V. 

10—Place the assembled segments in position. 

11—Assemble the front Mica V-ring. 

12—-Assemble the remaining details of the com- 
mutator and tighten the bolts or ring nut by 
hand. 

13—Tape the assembled segments above and below 
the steel band with friction tape. 

14—Cut the steel banding wire with a file. 

15—Heat the commutator to a maximum tempera- 
ture of 150°C or a minimum temperature of 
110°C to soften the bond in the mica parts 
so they will conform to any irregularities of 
the metal parts. 
Caution: Do not heat with a flame direct on 
the copper bars. To do so will cause what 
we term a “sick” copper and also soften the 
copper in the bars. It is preferable to heat 
the commutator in an oven. 

16—Place in a suitable press and apply 15 to 35 
tons pressure depending upon the size. 

17—Tighten ring nuts or bolts with a wrench to 
retain the pressure. Do not use bolts or ring 
nut to tighten commutator. 

18—When cold give a 2000 volt ground test and a 
440 volt bar to bar test. 

19—Test for loose bars. 


Commutator Wrench 

If the commutator is of the ring nut type a special 
commutator wrench, having an outer ring and an 
inner ring should be used. The inner ring has two 
dowels, 180° apart at one end, which fit into the 
dowel holes in the ring nut of the commutator. 
(See Fig. 2). 
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FIG. 2.—Commutator Wrench which can be used in con- 
junction with a ring press for assembling commutators 
either while they are on the armature assembly or in a 
vertical press. At top, pressure ring; at bottom, left, 
body;:at right, handle. 


At 90° to the dowels, two holes are drilled thru 
the ring. These holes are for bolts which are used to 
fasten the ring to the commutator ring nut. These 












holes should be large so the dowels and not the bolts 
will take the wrench pressure. At the other end 


this ring has notches cut for the handle. (See Fig. 3). 





FIG. 3. 


The outer ring is used to transmit the pressure 
from the press to the steel V-ring and fits over 
the inner ring. The end next to the press has an 
opening in which the handle may work. 

If the commutator is of the bolted construction a 
socket wrench is used instead of the inner ring, the 
outer ring still being used to transmit the pressure 
from the press to the steel V-ring. 


Tightening Commutator on Wheel Press 

The average repair shop has a wheel press which 
can be used to good advantage in tightening com- 
mutators. In Figure 3 we see the armature support- 
ed with the ratchet ring bolted to the ring nut so it 
will remain in position during the tightening opera- 
tion and the pressure ring suspended from a chain. 
In Figure 4 we see the wheel press in operation. 











FIG. 4. 


When heating the commutator assembly by a 
torch, if no oven is available, play your flame, prefer- 
ably on the steel parts of the assembly because they 
will retain the heat during the tightening operation. 
If only the copper parts were heated the commutator 
would cool too rapidly for efficient tightening. 

When heating the copper parts it is well to wrap 
the brush face with tin and play the flame on the 
tin. If the flame of the torch is to be used on the 
copper direct, keep the hydrogen part of the flame 
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from the copper. Sick copper is caused by the it expands the copper, and leaves blow-holes or 
hydrogen of the flame penetrating the small pores of pores. 

the copper and mixing with the free oxygen forming If you adhere to cleanliness of the parts when 
water which due to the heat becomes steam. Since assembling, preheat and tighten by applying an 
steam is heavier than hydrogen it cannot escape thru external pressure to your assembly, loose commu- 
the pores which the hydrogen entered. Therefore tators will disappear from your list of motor failures. 
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F. E. Jacques, Lub. and Sales [ngr., 
Sun Oil Company, 
Youngstown, Ohio. 


Lee N. Hodson, Dist. Repr., T. M. Rees, Dist. Mgr., 
Manning Maxwell & Moore, Inc., 
Pittsburgh, Pa. 


The Hodson Corporation, 
Detroit, Mich. 


O. R. Horne, Sales Engr., John L. 
I-T-E Circuit Breaker Corp., 


Detroit, Mich. Pittsburgh, 


E. R. Jung, Sales 


Young, Dist. Megr., Ind. Div., V. 
Timken Roller Bearing Co., 


A. J. Jennings, Vice President, C. H. Harshaw, Sales Engr., 
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Electric Service Supplies Co., 
Pittsburgh, Pa. 


J. F. Hall, Asst. Chief Engr., 
The Ironsides Company, 
Columbus, Ohio. 


R. Nelson, Prod. Engr., 
Gears & Forging, Inc., 
Cleveland, Ohio. 


Ener., 


Clark Controller Co., 


Cleveland, Ohio. 





ltems of Interest 


PERSONNEL CHANGES 


E. C. Stone has been appointed assistant to the 
senior vice president of the Philadelphia Company 
and subsidiary companies. Mr. Stone, who organized 
the system operating department of the local light 
company in 1913, acting as system operator until 
1919, is a native of Charlestown, N. H. In 1911 he 
joined the Allegheny County Light Company, which 
two years later become the Duquesne Light Com- 
pany. 

Mr. Stone acted as system operator until 1919, at 
which time he was promoted to technical assistant 
to the general manager. He became planning en- 
gineer in 1922, in which position he organized and 
developed the planning division, a new activity in 
the engineering department, the function of which 
was to plan systematically and economically the de- 
velopment of the power system to meet the constant- 
ly increasing demands which were made on it by 
virtue of the growth of the company’s business. He 
was made system development manager on January 
1, 1927. 

Mr. Stone is a member of the Association of Iron 
and Steel Electrical Engineers and the membership 
offer their congratulations and best wishes in his new 
position. 

J. M. Hughes, who has been identified with the 
Sharon Steel Hoop Company, Sharon, Pa., for many 
years and as superintendent at the Lowellville plant 
at Lowellville, Ohio, for the past few years, has 
been appointed general superintendent succeeding 
W. B. Caldwell, who has resigned. E. E. Reagel, as- 
sistant superintendent of strip mills of the Sharon 
company, has been appointed superintendent, re- 
placing George W. Pfeffer, who has resigned after 
a connection of 11 years with the company. 

Appointment of D. C. Prince as Engineer of the 
switchgear department of the General Electric Com- 
pany at Philadelphia, is announced by Neil Currie, 
Jr., Manager of the plant. The appointment, which 
was made effective as of February 12, includes super- 
vision of switchgear research activities at Schenec- 
tady. 

G. T. Snyder, formerly Chief Engineer of Nation- 
al Tube Company at Lorain, Ohio, is now associated 
with Mr. P. C. Patterson, Vice President, National 
Tube Company with offices at Frick Building, Pitts- 
burgh, Pa. 

E. S$. Simkins, well known throughout the Iron 
and Steel Industry is now associated with the Ana- 





conda Wire and Cable Company in the Chicago dis- 
trict. 

Eric Zachau has been appointed Vice President 
and General Manager of the Michigan Welding 
Supply Corporation, Muskegon, Michigan. This 
company has been formed to manufacture a line of 
arc welding supplies. 

EK. F. W. Salisbury, formerly with the Cable Ac- 
cessories Corporation of Pittsburgh, Pa., is now 
connected with the Anaconda Wire and Cable Com- 
pany, Cable Accessories Department at Hastings-on- 
Hudson, N. Y. 

Joseph McKinley has been appointed Acting Vice 
President in charge of sales and service of the Du- 
quesne Light Company and the Equitable Gas Com- 
pany. 

Mr. McKinley succeeds George E. Whitwell who 
has accepted a position with the Philadelphia Elec- 
tric Company, Philadelphia, as Vice President in 
charge of sales. 

In 1903 he entered the employ of the Allegheny 
County Light Company, now the Duquesne Light 
Company. He was the first power salesman for the 
company and later served as Manager of Power 
Sales, General Contracting Agent, Manager of the 
Wholesale Sales and Service Department of the 
Duquesne Light Company and Equitable Gas Com- 
pany. 

Mr. McKinley is a member of the Association of 
[ron and Steel Electrical Engineers, and the member- 
ship are extending their best wishes for his success 
in his new connection. 


WITH THE MANUFACTURERS 


Surface Combustion Corporation of Toledo, Ohio, 
has installed a Walking Beam Continuous Type 
Strip Normalizing Oil-Fired Furnace at the Great 
Lakes Steel Corporation at Detroit, Michigan. 

The furnace, which has very recently been put 
into operation, is designed to normalize steel sheets 
at approximately 1850°F. Its temperature and mech- 
anism are automatically controlled and an adjustable 
chain conveyor makes possible a variation of speed 
through the cooling zone. 

The inside width of the furnace is 20 feet. Strips 
up to 18 feet in length can be normalized in this 
furnace. 

The Allis-Chalmers Manufacturing ‘Company, 
Pittsburgh Works, Pittsburgh, Pa., are distributing 
(Continued on Page 150) 
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Elliott 1500-kw. motor-generator 


installed in rolling mill. 























| . they can take 
plenty of punishnent .. «and like it! 


4 Elliott motor-generator sets with “fully com- tinuous, thus eliminating all soldered joints. 
pensated”’ D. C. generators are built to thrive The Elliott compensating winding of lami- 
under the difficult service typical of steel nated copper ribbon conductors (instead of 
mills. They will handle heavy, rapidly fluc- solid bars) is readily sub-divided and propor- 
tuating loads—with excellent commutation, tionately distributed across the pole, exactly 
regulation and efficiency. as required to completely neutralize or to 

Elliott “fully compensated” generators are compensate for armature reaction. Elliott 
accurately designed electrically to obtain per- _ full compensation gives superior performance. 
fect operation under severe conditions. In These advantages will be found in all 
addition, the distinctive Elliott compensating Elliott fully compensated motors, generators 
winding has mechanical advantages. The and motor-generator sets. 





section of compensating winding associated We are in a position to make quick ship- 
with each pole group (both compensating ment of motor-generator sets,—in many 
turns and interpole turns) is mechanically con- cases from stock. Write us. 0.939 
MUU 
—| ELLIOTT COMPANY 
i [i PITTSBURGH, PA. 
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(Continued from Page 148) 
their new bulletin 3002 on Transformers and their 
applications. Copies may be obtained on request 
by interested parties. 

The Clark Controller Company, Cleveland, Ohio, 
manufacturers of electrical and mechanical appartus, 
owning and operating the Sundh Electric Company, 
Newark, N. J., manufacturers of electric control ap- 
paratus, announce the opening of their district sales 
and engineering office, 1605 Arcade Building, St. 
Louis, Mo., effective February 1, 1931. 

The Reliance Electric and Engineering Company, 
Cleveland, Ohio, have developed drip covers ap- 
plicable to either the alternating or direct-current 
motors that they manufacture. 

The covers are used to protect the motors in bad 
locations from dripping water, acid or other injurious 
solutions. In spite of the very high grade insulation 
used for Reliance Motors, such covers have been 
found a great help in keeping the motors clean and 
lowering maintenance costs. 

The covers are made of heavy-gauge sheet steel. 
They are securely bolted to the frames in roof-like 
fashion so that an opening is provided between mo- 
tors and cover to permit free circulation. 

A 12-page bulletin, recently issued by the West- 
inghouse Electric and Manufacturing Company, cov- 
ers Westinghouse 3600 r.p.m. steam turbine-generator 
units. This publication, which is identified as Cir- 
cular 1835-A, is replete with illustrations showing 
the design and construction of all parts of the tur- 
bine and generator. 

The General Electric Company announces a new 
heavily coated electrode, designated type R, for 
quality welding. This particular type of electrode 
is composed of .13 to .18 carbon steel covered with 
a heavy coating of cotton braid impregnated with 
an are stabilizing flux, and will be available in diam- 
eters from 1/8 to 3/8” by 18” length. 

Metal deposits of this electrode will have high 
tensile strength and will produce a homogeneous 
structure resulting in a ductile weld. This is caused 
by the fact that, during the are transference period, 
the metal is in a protective atmosphere because the 
electrode itself burns away quicker than the coating 
and excludes those elements always prevalent in 
atmosphere which cause some undesirable results 
when the use of an uncoated rod is used. 

Extreme arc stability and high arc voltages per- 
missible from this type of electrode produce an un- 
usual high speed of welding for certain applications. 

The new electrode is expected to be of particwar 
value in the field of pipe line welding where speed 
and ductility are essential requirements. 

X-Raying steel, iron and metal up to a thickness 
of 4% inches is the service rendered to industry by 
the newly organized Claud S. Gordon Steel X-Ray 
Laboratory of Chicago. Patterns, tools, dies, cast- 
ings, raw material and all shapes and sizes of steel 
and iron will undergo the microscopic scrutiny of 
this most powerful of all X-Ray equipment. In- 
herent defects and bugs will be uncovered just as 
in the X-Raying of teeth or parts of the human 
body, a science highly developed in the medical and 
dental professions. 

The United States Navy has awarded to The 
Automatic Reclosing Circuit Company of Columbus, 
Ohio contract for building feeder circuit breaker 


equipment at the Boston Navy Yard Docks, Boston, 
Mass. 





ASSOCIATION NOTES 

Mr. C. C. Pecu, General Chairman of the Lubrica- 
tion Engineering Division, announces one of the most 
successful Lubrication meetings held February 18, 
1931, at Pittsburgh, Pa. The subject discussed was 
“Devices and Appliances for Steel Mill Roll Neck 
Lubrication.” The following companies presented 
papers: 

Keystone Lubricating Company, Philadelphia, Pa. ; 
The Hodson Corporation, Chicago, Ill.; Lubrication 
Devices, Incorporated, Battle Creek Mich.; Hills- 
McCanna Company, Chicago, Ill.; Pennsylvania Lu- 
bricating Company, Pittsburgh, Pa.; United Amer- 
ican Bosch Corporation, Springfield, Mass.; The Tra- 
bon Lubricating Equipment Company, Detroit, 
Mich.; The Alemite Corporation, Chicago, III. 

Each paper was based on an actual Steel Mill 
Installation and the following points as outlined 
below were covered in each Manufacturer’s paper: 

Type of Mill and material rolled on mill. 

Location of the System; that is, how far is the 
system from stands? 

Are pipes carrying lubricant underground, over- 
head, etc.? 

Are pipes insulated? 

How long has system been in operation on this 
particular installation? It is automatic or manually 
operated? 

How is system operated—by air, water or elec- 
tricity? 

Is the Lubricating System power, independent or 
is it dependent on the regular plant source of supply? 

What arrangements are provided for the quick 
change of rolls? 

Description of the distribution of grease on necks. 

Very brief description of control of lubricant 
at neck. 

How is lubricant put into lubricating system from 
manufacturer’s container? 

Effect of climatic conditions on lubricating sys- 
tem. 

Power savings effected by lubricating system. 

Lubricant savings. 

Savings in bearings. 

Savings in maintenance and upkeep of equipment. 

Safety features. 

Improvement of product. 

Saving in man hours in application of lubricant. 

Cleanliness. 

Steel Mill Executives, Operating Superintendents 
and Lubrication Engineers from all of the Steel Cen- 
ters of the United States, attended this meeting. 


OBITUARIES 

G. H. Friesel, treasurer, auditor and a director of 
the United Engineering and Foundry Company, 
Pittsburgh, Pa., died on February 22, at Baltimore, 
after an operation. Except for a period of two years, 
Mr. Friesel has been associated with the United 
Engineering and Foundry Company since 1905. 

John A. Nichols, formerly general superintendent 
of Corrigan, McKinney Steel Company, Cleveland, 
Ohio, died on February 12 at his home at La Jolla, 
Calif. He became connected with the Corrigan, Mc- 
Kinney Company in 1914. He was retired in 1927. 
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